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GLOSSARY

ARAR ~ applicable or relevant and appropriate requirements

ATSDR - Agency for Toxic Substance and Disease Registry: A branch of
the Centers for Disease Control that is responsible for preparing health
assessments at sites.

Bench scale - Treatability tests performed on a small scale, usually in
a laboratory, to better define parameters of a treatment technology.

CAA - Clean Air Act

CERCLA - Comprehensive Environmental Response, Compensation, and
Liability Act of 1980, also known as Superfund: Amended in 1986 by the
Superfund Amendments and Reauthorization Act (SARA).

CLP - Contract Laboratory Program

CRL - central regional laboratory
CRP - community relations plan
CWA - Clean Water Act

DQO - data quality objectives: Statements that specify the data needed
to support decisions regarding remedial response activities.

EMSL - environmental monitoring support laboratory
ERA - expedited response action

Excess lifetime cancer risk - The potential for carcinogenic effects
from exposure to one or more chemicals.

FIT - field investigation team
FS - feasibility study

FSP - field sampling plan: Defines in detail the sampling and data
gathering activities to be used at a site. (See SAP,)

General response action - General types of actions, such as containment,
that may be taken to achieve exposure limits specified by remedial
action objectives.

Health assessment ~ Assessment of existing risk to human health posed by
NPL sites, prepared by the ATSDR.

Innovative technologies - Technologies that are fully developed but lack
sufficient cost or performance data for routine use at CERCLA sites.

vii
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Lead agency - The agency, either the EPA, Federal agency, or appropriate
State agency having primary responsibility and authority for planning
and executing the remediation at a site.

MCL - maximum contaminant level: Established under the Safe Drinking
Water Act.

MCLG - maximum contaminant level goal: Established under the Safe
Drinking Water Act.

MPRSA - Marine Protection Research and Sanctuaries Act
NAAQS - National Ambient Air Quality Standards

NATURAL Resource Trustee -

NPL - National Priorities List: A list of sites identified for
remediation under CERCLA.

NCP - National 0Oil and Hazardous Substances Contingency Plan
NEPA - National Environmental Policy Act

NIOSH - National Institute for JOccupational Safety and Health

NPDES - National Pollutant Discharge Elimination System

OsM - oper;tion and maintenance |

. OSHA - Occupational Safety and Health Administration

Qgggg - Office of Solid Waste and Emergency Response

Operable unit - A discrete action that comprises an incremental step(s)

toward a final remedy. Operable units may address geographic portions
of a site, specific site problems, or this initial phase of an action.

Pilot scale - Treatability tests performed on a large scale to simulate
the physical, as well as chemical, parameters of a process.

* - cancer potency factor: The lifetime cancer risk for each
agditional mg/kg body weight per day of exposure.

Present worth analysis - A summary of costs to be incurred over a period
of time, discounted to the present.

PRP - potentially responsible party

QAPP - quality assurance project plan: A plan that describes protocols
necessary to achieve the data quality objectives defined for an RI.
(See SAP.)

RAS - routine analytical services

viii
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RCRA - Resource Conservation and Recovery Act
RD - remedial design
Reference dose (RfD) - For noncarcinogenic effects, the amount of a

chemical that can be taken into the body each day over a lifetime
without causing adverse effects.

Remedial action alternative - A potential approach to preventing or
mitigating site-specific contamination problems, defined in terms of a
remedial action technology option or combination of options and the
volumes or areas of media to which the option or options will be
applied.

Remedial action objective - A description of remedial goals for each
medium of concern at a site; expressed in terms of the contamination of
concern exposure route(s) and receptor(s), and maximum acceptable
exposure level(s).

Remedial action technology type (or technology type) - A general
category encompassing a number of remedial action technology options
that address a similar problem (e.g., capping, containment barriers,
chemical treatment).

Remedial action technology process option (or process option) - A
specific process, system, or action that may be used to clean up or
mitigate contaminant problems (e.g., clay cap, slurry wall,
neutralization).

RfD - reference dose
Ri/FS - remedial investigation/feasibility study

ROD - Record of Decision: Documents selection of cost-effective
Superfund-financed remedy.

RPM - Remedial Project Manager: The project manager for the lead
Federal agency.

SAP - sampling and analysxs plan, consisting of a quality assurance
project plan (QAPP) and a fleld sampling plan (FSP).

SARA - Superfund Amendments and Reauthorization Act of 1986. (See
CERCLA.)

SAS - special analytical services
SDWA - Safe Drinking wWater Act
Sensitivity analysis - A test of a procedure to determine the overall

changes that will result from any small change in one or more procedural
elements.
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SITE -~ Superfund innovative technology evaluation

Support Agency - The agency, either the Federal EPA or the State agency,
responsible for review and concurrence in developing and selecting a
remedy at a CERCLA site.

SWDA - Solid Waste Disposal Act
TAT - technical assistance team
TCL - target compound list

Technology process option - See remedial action technology process
option.

Technology type - See remedial action technology type.

TSCA - Toxic Substances Control Act

Treatability studies - Studies performed to better define the physical
and chemical parameters of technology process options being evaluated.

WDR281/040
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CHAPTER 1
INTRODUCTION

1.1 PURPOSE AND OBJECTIVES

This gquidance document is a revision of the Environmental Protection
Agency's (EPA) "Guidance on Remedial Investigations Under CERCLA" (May 1985)
and "Guidance on Feasibility Studies Under CERCLA" (April 1985). These
guidances have been consolidated into a single document and revised to
(1) reflect new emphasis and provisions of the Superfund Amendments and
Reauthorization Act (SARA), (2) incorporate aspects of new or revised
guidance related to remedial investigations and feasibility studies
(RI/FS8), (3) incorporate management initiatives designed to streamline the

RI/FS process, and (4) reflect experience from previous R1/FS projects.

The purpose of this guidance is to provide the user with an overall
un@erstanding of the RI/FS process. Potential users include EPA personnel,
State agencies responsible for coordinating or directing activities at
National Priorities List (NPL) sites, potentially responsible parties
(PRPs) , Federal facility coordinators, and consultants or companies con-
tracted to assist in RI/FS-related activities at NPL sites. This guidance
describes the general procedures for conducting an RI/FS. Where specific
guidance is currently available elsewhere, the RI/FS guidance will simply
highlight the key points or concepts as they relate to the RI/FS process and

refer the user to the other sources for additional details.

The Agency's experience to date in the Superfund program has clearly
shown that there is a need for flexibility in the RI/FS process, and that
the wide variety of Superfund sites requires that the process be tailored to
meet site-specific needs. For example, large, complex sites will generally
require a greater level of effort with intermediate deliverables necessary

for each phase of the RI/FS process, whereas less compiicated sites may not.



OSWER Directive 9355.3-01

Therefore, the lead agency's remedial project manager and the RI/FS
contractor must thoroughly consider the site conditions, scheduling
constraints, budget limitations, and support agency input, when developing
site-specific work plans to ensure that the RI/FS provides sufficient
information to support the evaluation of remedial alternatives and the

selection of a remedy, and at the same time is as streamlined as possible.

1.2 OVERVIEW OF CERCLA REAUTHORIZATION

The Superfund Amendments and Reauthorization Act (SARA) was signed by
the President on October 17, 19856, to amend the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA). While SARA did
not change the basic structure of CERCLA, it did modify many of the existing
requirements and added new ones. References made to CERCLA throughout this

document should be interpreted as meaning "CERCLA as amended by SARA."

Many of the new provisions under CERCLA having the greatest impact on
the RI/FS process are contained in §121 (Cleanup Standards). Other notable
changes are contained in §104 (Response Authorities, in particular Health-
Related Authorities), portions of §104 and §121 regarding State involvement,
§117 (Public Participation), §110 (Worker Protection Standards), and §113

(Civil Proceedings). Highlights of these sections are summarized below.

1.2.1 Cleanup Standards

Section 121 (Cleanup Standards) states a strong statutory preference
for remedies that are highly reliable and provide long-term protection. In
addition to the requirement for remedies to be both protective of human
health and the environment and cost-effective, additional remedy selection

considerations in §121(b) include:

o A preference for remedial actions that employ treatment that
permanently and significantly reduces the volume, toxicity, or
mobility of hazardous substances, pollutants, and contaminants as

its principal element.
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(o] Offsite transport and disposal without treatment ’is the least

favored alternative where practicable treatment technologies are

available.,

o The need to assess the use of permanent solutions and alternative
treatment technologies or resource recovery technologies and use

them to the maximum extent practicable.

Section 121(c) also requires a periodic review of remedial actions, at
least every 5 years after initiation of such action, for as long as
hazardous substances, pollutants, or contaminants that may pose a threat to
human health or the environment remain at the site. If it is determined
during a 5~year review that the action no longer protects human health and

the environment, further remedial actions will need to be considered.
1.2.1.1 Applicable or Relevant and Appropriate Requirements

Section 121(4) (2) (A) of CERCLA incorporates into law the CER‘CLA
Compliance Policy, which specifies that Superfund remedial actions meet any
Federal standards, requirqments, criteria, or limitations that are
determined to be legally applicable or relevant and appropriate requirements
(ARARs). Also included is the new provision that State ARARs must be met if
they are more stringent than Federal requirements. Federal statutes that
are specifiéally cited in CERCLA include the Solid Waste Disposal Act
(SWDA) , the Toxic Substances Control Act (TSCA), the Safe Drinking Water Act
(SDWA) , the Clean Air Act (CAA), the Clean Water Act (CWA), and the Marine
Protection Research and Sanctuaries Act (MPRSA). Additional guidance on
ARARs is provided in the “CERCLA Compliance with Other Environmental Laws
Manual"” (U.S. EPA Draft, November 1987).

Section 121(d) (4) of CERCLA identifies six circumstances under which
ARARs may be waived:
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o The remedial action selected is only a part of a total remedial
action where the final remedy will attain the ARAR upon
completion.

o Compliance with the ARAR will result in a greater risk to human

health and the environment than alternative options.

(o] Compliance with the ARAR is technically impracticable from an

engineering perspective.

o An alternative remed.al action will attain an equivalent standard

of performance through the use of another method or approach.

° The ARAR is a State requirement that the state has not
consistently applied (or demonstrated the intent to apply

consistently) in similar circumstances.

o For §104 Superfund-financed remedial actions, compliance with the
ARAR will not provide a balance between protecting human health
and the environment and the availability of Superfund money for

response at other facilities.
1.2.1.2 Offsite Facilities

The new statutory requirements contained in §121(d) (3) for acceptable
offsite disposal facilities, in most respects, incorporate previous Agency
policy. Offsite disposal facilities receiving contaminants must be in
compliance with RCRA and other Federal and State ARARsS. In addition, the
unit receiving the waste must have no releases to ground water, surface
water, or soil; other units that have had releases at the facility must be

under an approved corrective action program.



OSWER Directive 9355.3-01

1.2.2 Health Assessments

Under CERCLA §104(i) (Health-Related Authorities), the Agency for Toxic
Substances and Disease Registry (ATSDR) must conduct a health assessment for
every site proposed for inclusion on the NPL. The purpose of these health
assessments is to assist in determining whether current or potential risk to
human health exists at a site and whether additional information on human
exposure and associated health risks is needed. The health assessment is
required to be completed "to the maximum extent practicable" before
completion of the RI/FS.

1.2.3 State Involvement

Section 104 (c) (3) (C) of CERCLA remains in effect requiring a 10-percent
State cost share for remedial actions (remedial planning activities for the
RI/FS and remedial design continue to be 100 percent federally funded).
Section 104(c) (3) (A) and 104(c) (6) of CERCLA provide that the operation and
maintenance of ground- and surface-water restoration actions be considered:
part of remedial action for up to 10 years after commencement of operations
or until remedial action is complete, whichever is earlier. Therefore, such
activities during the 10-year period would be eligible for 90 percent

Federal funding.

Section 121(d) (2) (A) of CERCLA specifies that more stringent State
ARARs apply and that these requirements must be identified in a timely
manner by the state. Section 121(f) requires EPA to develop State
involvement regulations for substantial and meaningful State involvement in

the remedial response process.

1.2.4 Community Involvement

Section 117 of CERCLA (Public Participation) emphasizes the importance
of early, constant, and responsive relations with affected communities and
codifies, with some modifications, current community relations activities

applied at NPL sites. Specifically, the law reqﬁires that notice of the

1-5
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proposed remedial actions plan be published and that people be given a
“"reasonable opportunity” to comment on the proposed plan in writing, in
person, and at a public meeting. The proposed plan should include a
reasonable explanation of the alternatives considered, which will usually be
in the form of a summary of the feasibility study. Notice of the final plan
adopted and an explanation of any significant changes from the proposed plan
are also required. CERCLA also authorizes technical assistance grants for
local citizens' groups potentially affected by an NPL site. The grants are
to be used in obtaining assistance in interpreting information on the nature
of hazards posed by the site, the results of the RI/FS, any removal actions,

the Record of Decision (ROD), and the remedial action and remedial design.

1.2.5 Worker Safety

Section 110 of CERCLA directed the Occupational Safety and Health
Administration (OSHA) to issue, *“‘thin 60 days of the date of enactment of
SARA, an interim final rule that contains employee protection requirements
for workers engaged in hazardous waste operations. OSHA's interim final
rule (29 CFR 1910.120) was published in the Federal Register on December i9,
1986, with full implementation of this rule required by March 16, 1987. The

worker safety rule will remain in effect until the final standard is issued

by OSHA and becomes effective.

1.2.6 Administrative Record

Section 113(K) of CERCLA requires that an administrative record be
established "at or near the facility at issue.” The record must be
available to the public and must include all information considered or

relied on in selecting the remedy, including public comments on the proposed

plan.
1.3 THE RI/FS PROCESS UNDER CERCLA

Although the new provisions of CERCLA have resulted in some

modifications to the RI/FS process, the basic compohents of the process
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remain intact. The RI continues to serve as the mechanism for collecting
data for site and waste characterization and for conducting treatability
testing as necessary to evaluate the performance and cost of the treatment
technologies and support the design of selected remedies. The ES continues
to serve as the mechanism for the development, screening, and detailed

evaluation of potential remedial alternatives.

The various steps, or phases, of the RI/FS process and how they have
been modified to comply with the new provisions in CERCLA are summarized
below. It is important to note that the RI and FS are conducted
concurrently and that data collected in the RI influence the development of
remedial alternatives in the FS, which in turn affects the data needs and
scope of treatability studies and additional field investigations. Two
concepts are useful to understand the phased RI/FS. First, data can be
collected in several stages, with initial data collection efforts usually
being limited to developing a general understanding of the site. As the
site is better characterized, subsequent data collection efforts can be
focused to fill any existing gaps in the data. Second, this phased sampling
approach encourages identification of key data needs as early in the process
as possible to ensure that data collection is always directed toward
providing information relevant to selection of a remedial action. 1In this
way the overall site characterization effort can be continually scoped to

minimize the collection of unnecessary data and maximize data quality.

Because of the interactive and iterative nature of this process, the
sequence of the various phases and associated activities, as described below
and presented in Figure 1-1, will frequently be less distinct in practice.

A generic timeline intended to illustrate the phasing of RI/FS activities,
is presented in Figqure 1-2. The actual timing of individual activities will
depend on specific site situations.

1.3.1 Scoping

Scoping is the initial planning phase of the RI/FS process, and many of

the planning steps bequn here are continued and refined in later phases of
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FIGURE 1-2
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the RI/FS. Scoping activities typically begin which the collection of
existing site data, including data from previous investigations such as the
preliminary assessment and site investigation. On the basis of this
information, a site management strategy is developed that preliminarily
identifies boundaries of the study area, identifies likely remedial action
objectives and whether interim actions may be necessary or appropriate, and
establishes whether the site may best be remedied as separate operable
units. Once the site management strategy is developed, the RI/FS for a
specific project or the site as a whole is scoped. Typical scoping
activities include:

o Initiating the identification and discussion of potential
ARARs with the support agency

o Determining the types of decisions to be made and identifying

the data needed ‘- support those decisions
° Developing initial data quality objectives

o Assembling a technical advisory committee to assist in these
activities and to serve as a review board of important
deliverables and to monitor progress as appropriate during

the study

o] Preparing the work plan, the sampling and analysis plan (SAP)
(which consists of the quality assurance project plan (QAPP)
and the field sampling plan (FSP)), the health and safety

plan, and the community relations plan

Chapter 2 describes the various steps in the scoping process and gives
general information on work planning methods that have been effective in

planning and executing past RI/FSs.

1-10



OSWER Directive 9355,3-01

1.3.2 Site Characterization

During site characterization, field sampling and laboratory analyses
are initiated. Field sampling should be phased so that the resylts of the
initial sampling efforts can be used to refine plans developed during
scoping to better focus subsequent sampling efforts. Remedial response
objectives are revised as appropriate based on an improved understanding of
the site. This type of approach allows for a more efficient and accurate

characterization of the site and, therefore, reductions in time and cost.

A preliminary site characterization summary is prepared to provide fhe
lead agency with information on the site early in the process before
preparation of the RI report. .This summary will be useful in determining
the feasibility of potential technologies and in assisting both the lead and
support agencies with the initial identification of ARARs. It can also be
sent to ATSDR to assist them in performing the health assessment for the
site.

A baseline risk assessment is developed to identify the existing or
potential risks that may be posed to human health and the environment by the
site. These assessments also serve to support the evaluation of the
no-action alternative by documenting the threats posed by the site based on
expected exposure scenarios. Because these assessments identify the primary
health and environmental threats at the site, they also provide valuable
input to the development and evaluation of alternatives during the FS. Site

characterization activities are described in Chapter 3.

1,3.3 Development of Alternatives

The development of alternatives usually begins during or soon after
scoping, when likely response scenarios may first be identified. The
development of alternatives requires (1) identifying potential treatment
technblogies; (2) screening the technologies based on their effectiveness,
implementability, and cost (although cost plays a limited role at this

phase); and (3) assembling technologies and their associated containment or
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disposal requirements into alternatives for the contaminated media at the
site or for the operable unit. Alternatives can be developed to address
contaminated media (e.g., ground water), a specific area of the site (e.g.,
a waste lagoon or contaminated hot spots), or the entire site. Alternatives
for specific media and site areas can be either carried through the FS
process separately or combined into comprehensive alternatives for the
entire site. The approach is flexible to allow alternatives to be combined
at various points in the process. However, the final detailed evaluation
must be for alternatives that address the entire site or that portion of the
site being addressed by that specific operable unit.

As practicable, a range of treatment alternatives should be developed,
varying primarily in the extent to which they rely on long-term management
of residuals and untreated wastes. The upper bound of the range would be an
alternative that would eliminate, to the extent practicable, the need for
any long-term management (inclucd’''.g monitoring) at the site. The lower
bound would consist of an alternative that involves treatment as a principal
element (i.e., treatment is used to address the principal threats at the
site). Between the upper and lower bounds of the treatment range,
alternatives varying in the type and degrees of treatment and associated
containment/disposal requirements should be included as appropriate. 1In
addition, one or more containment options involving little or no treatment
and a no-action alternative should be developed as appropriate. The

development of alternatives is discussed in Chapter 4.

1.3.4 Screening of Alternatives

Once potential alternatives have been developed, it may be necessary to
screen out certain options to reduce the number of alternatives that will be
analyzed in detail in order to minimize the resources dedicated to
evaluating options that are less promising. The necessity of this screening
effort will be dependent on the number of alternatives initially developeqd,
which will be partially dependent on the complexity of the site and/or the
number of available/suitable technologies. In these situations where it is

necessary to reduce the initial number of alternatives prior to beginning
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the detailed analysis, a range of alternatives should be preserved as
practicable so that the decisiohmaker can be presented with a range of good
options from which to choose. The screening process involves evaluating
alternatives with respect to their effectiveness, implementabil#ty, and
cost. It is often done on a general basis and with limited effort (relatcive
to the detailed analysis) because the necessary information to fully
evaluate the alternatives may not be complete at this point in the process.

The screening of alternatives is discussed in Chapter 5.

1.3.5 Treatability Investigations

Should existing site and/or treatment data be insufficient to
adequately evaluate alternatives, treatability tests may be necessary to
evaluate a particular technology on specific site wastes. Generally,
treatability tests involve bench-scale testing to gather information ¢o
assess the feasibility of a technology. In a few situations, a pilot-scale
study may be necessary to furnish performance data and develop better cost
estimates so that a detailed analysis can be performed and a remedial action
can be selected. To conduct a pilot-scale test and keep the RI/FS on
schedule, it will usually be necessary to identify and initiate the test at
an early point in the process. Treatability investigations are described in

Chapter 6.

1.3.6 Detailed Analysis

Once sufficient data are available, alternatives are evaluated in
detail with respect to nine évaluation criteria which the aAgency has
developed to address the statutory requirements and preferences of CERCLA.
The alternatives are analyzed individually against each criterion and then
compared against one another to determine the respective strengths and
weaknesses of each alternative and identify the key tradeoffs for that sita.
As discussed above, alternatives evaluated in this phase of the FS must
address the entire site or that portion of the site being addressed by an
operable unit. The results of the detailed analysis are summarized and

presented to the decisionmaker so that an appropriate remedy consistent with
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CERCLA can be selected. The detailed analysis of alternatives is described
in Chapter 7.

1.4 SPECIAL SITES

The use of treatment technologies, and therefore, the development of a
complete range of options, may not be practicable at some sites with large
volumes of low concentrated wastes (e.g., large municipal landfills or
mining sites). Remedies involving treatment at such sites may be
inhibitingly expensive or difficult to implement. Therefore, the range of
alternatives initially developed may be focused primarily on various
containment options. Although this guidance does not specifically state how
all such sites should be addressed, factors are discussed that can be used
as appropriate to help gquide the development and evaluations of alternatives

on a case-by-case basis.
1.5 COMMUNITY RELATIONS

Community relations are a useful and important aspect of the RI/FS
process. Community relations activities serve to keep communities informed
of the activities at the site and helps éhe Agency anticipate and respond to
key community concerns. A community relations plan is developed for a site
as the work plan for the RI/FS is prepared. The community relations plan is
based on interviews with interested people in the community and will provide
the guidelines for future community relations activities at the site. At a
minimum, the plan must provide for a site mailing list, a conveniently
located place for access to all public information about the site, an
opportunity for a public meeting when the RI/FS report and proposed plan are
published, and a summary of public comments on the RI/FS report and proposed

plan and the Agency's response to those comments.

The specific community relations requirements for each phase of the
RI/FS are integrated throughout this guidance document, since they are
parallel to and support the technical activities. Each chapter has a

section discussing community relations requirements appropriate to that
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specific phase of the RI/FS. Additional program requirements are described
in the March 1986 draft of OSWER Directive Number 9230.0-3A entitled
"Community Relations in Superfund: A Handbook."

1.6 LEAD AND SUPPORT AGENCY

Throughout this guidance the terms "lead agency" and "support agency"
are used to reflect the fact that either EPA or a State or Federal facility
can have the lead responsibility for conducting an RI/FS. The supporting
agency plays a review and concurrence role and provides specific informa-
tion, such as applicable or relevant and appropriate requirements. The
roles of the lead and support agencies in each phase of the RI/FS process

are described at the end of each chapter.
1.7 RPM ROLE AND RﬁSPONSIBILITIES

The RPM's role iﬁ overseeing an RI/FS involves, to a large extent,
ensuring the work progresses in accordance with the priorities and
objectives established during site and project planning. This will require
the facilitation of interactions among EPA staff, state representatives,
contractor personnel, PRPs, and the public, to ensure that all involved
parties are aware of their roles and responsibilities. Throughout the
following chapters, and particularly in the discussions of scoping
(Chapter 2) and site characterization (Chapter 3), suggestions are provided
to guide the RPM in developing approaches for conducting RI/FSs so that high
quality deliverables are produced in a timely and cost-effective manner.
Additional suggestions specific to management of RI/FSs may be found in the

Superfund Federal Lead Remedial Project Manager Handbook and Superfund State

Lead Remedial Project Manager Handbook. Oversight responsibilities for

PRP-lead RI/FSs are outlined in Appendix A of this guidance.

WDR314/035
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CHAPTER 2
SCOPING THE RI/FS

2.1 INTRODUCTION

Scoping is the initial planning phase of site remediation and is begun,
at least informally, by the lead agency's remedial projéct manager as part
of the funding allocation and planning process. The first step in scoping
is site planning, which involves developing a site management strategy to
facilitate better planning and management of site activities. The lead and
support agencies should meet to develop a site management strategy on the
basis of available information that will serve to (1) identify the types of
actions that may be requifed to address site problems; (2) identify whether
interim actions may be taken to mitigate potential threats or prevent
further environmental degradation; (3) didentify the-optimal sequence of site
actions and site activities; and (4) identify procedures that may be used to
streamline the RI/FS.

Once the initial site management strategy is developed and both the
lead and support agencies agree on the basic approach, the next step is to
scope the specific project(s) and develop project plans. Project planning

is done for the following reasons:

Determine the types of decisions to be made

Identify the data needed to support those decisions

Describe the methods by which the required data will be obtained
Describe the methods by which the data will be analyzed

0O 0O o O o

Prepare work plans to document methods and procedures
These activities directly relate to the establishment of data quality objec~-

tives (DQOs)--statements that specify the data needed to support decisions

regarding remedial response activities. Establishing DQOs are discussed in
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detail in Data Quality Objectives for Remedial Response Activities (OSWER

Directive 9335.0-7B, March 1987, hereafter referred to as the DQO Guidance).

The ability to develop a comprehensive site management strategy or ade-
quately scope a specific project is closely tied to the amount and quality
of information available at the time. Therefore, it is important to note
that the site management strategy and project scope is developed iteratively
(i.e., as new information is acquired or new decisions are made, data
requirements are reevaluated and, if appropriate, the site management
strategy or project scope is modified). 1In this way, scoping helps to focus
activities and streamline the RI/FS, thereby preventing needless

expenditures and loss of time in unnecessary sampling and analyses.
Figure 2-1 shows the key steps in the scoping process.

2.2 SITE PLANNING

2.2.1 Develop a Site Management Strategy

One purpose for developing the site management strategy is to
facilitate the identification of potential action that can be taken early to
respond to an immediate problem that is worsening with time or to undertake
a limited action that will achieve a significant risk reduction quickly.

If the site response is to involve an interim action or is to be implemented
through operable units, the lead and support agencies should identify the
optimal sequence of the actions. Operable units may comprise incremental
steps toward the final remedy, completely address a geographical portion of
the site or a specific site problem, or initiate action that must be
followed by a final action that will fully address the problem. The
interrelationship of site problems and the need to implement actions quickly
will determine the appropriateness of dividing a remedial response into
separate operable units and/or taking interim actions. To the degree that
site problems are interrelated, (e.g., contaminated soils and ground water),
it may be appropriate to address the problems together. If problems are

separate, phased responses may promote a more rapid and effective cleanup.
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Although the need for interim actions or for separating the site into
operable units may not be identifiéd until the RI is under way, the site
information available during scoping should be evaluated so that the site
management strategy can identify whether either is likely. 8pecific project
scoping can then be used to identify the data that are necessary to conduct

the RI/FS for that site or operable unit.

The timing and optimal sequencing of response actions should be
identified as part of the site management strategy to ensure that the most
important activities are to be implemented first. The timing of specific
actions should be determined on :he basis of the urgency of response, the
ability to take rapid action, and the resources to fund and administer
response actions. The identified sequence of activities and actions should

be reevaluated periodically as new information becomes available.

2.2.2 1Identify Streamlining Techniques

During the development of the site management strategy, an initial
attempt at tailoring the RI/FS to site circumstances should be made.
Tailoring the RI/FS to the level of site complexity does not change informa-
tion requirements but simply involves identifying specific techniques that
may be uéed to streamline the process in order to save time and costs while
ensuring that information is sufficient in quantity and quality to select an
appropriate remedy. Examples of streamlining techniques that may be used in

appropriate situations include:

o Focusing the remedial investigation to collect only those data

needed to develop and evaluate alternatives for a specified

response action and to support the design of that action

>

o ‘Combining the alternative development and screening steps or, when
only a limited number of viable options are available, eliminating

the screening step

- 4
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o Tailoring the level of detail of the alternative .evaluation to the

scope and complexity of the action

o Tailoring selection and documentation of the remedy tg the scope
of the action (non-final remedies may require less justification

and documentation than final remedies)

The extent to which streamlining techniques may be used will depend on site
conditions. For example, the development of a range of treatment alterna-
tives may not be appropriate for sites with extremely large volumes of low
concentration wastes, (e.g., large landfills and mining sites). Aalthough
such a decision may not be finalized until later in the RI/FS process, it is
important that the lead and support agencies agree that treatment tech-
nologies may not be appropriate. Examples of other sife-specific charac-

teristics or situations that may be conducive to streamlining techniques

include:
o A single group of chemicals or site characteristics such as frac-
tured bedrock significantly limits applicable technologies.
o The need for prompt action limits the time available to evaluate a

complete range of alternatives in detail.

o ARARs, gquidance, or program precedent (e.g., PCB standard for

soils, Superfund Drum and Tank Guidance) limits the choices for

appropriate responses.

o Prohibitive costs for certain alternatives reduce the range of

viable options to address site problems.

v

o There is a strong probability that no further action is required.
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2.3 PROJECT PLANNING

Once the site management strategy has been developed and potential
streamlining techniques have been identified, planning the specific project

scope follows. The specific steps to project planning include:

o Meeting with EPA regional, state, and contractor personnel to dis-

cuss site issues and assign responsibilities for RI/FS activities

o Collecting and analyzing existing data to develop a conceptual
site that can be used to assess both the nature and the extent of
contamination and to identify potential exposure pathways and

potential human health and/or environmental receptors

o Initiating limited field investigations if available data are
inadequate to develop a ~7nceptual site model and adequately scope

the project

o Identifying the potential remedial action ocbjectives and likely

remedial action alternatives for the specific project

o Identifying the need and the schedule for treatability studies to

better screen and define the potential remedial alternatives

o Preliminarily identifying the ARARs expected to apply to both site

characterization and site remediation activities

o Determining data needs and the level of analytical and sampling
certainty required for additional data if currently available data
are inadequate to conduct the FS

o Designing a data collection program to describe the selection of
the sampling approaches and analytical options (This selection is
documented in the SAP, which consists of the FSP and QAPP

elements.)
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o Developing a work plan that documents the scoping process and pre-

sents anticipated future tasks

o Identifying and documenting health and safety protoco¥s required
during field investigations and preparing a site health and safety

plan

o Conducting community interviews to obtain information that can be
used to develop a site-specific community relations plan that
documents the objectives and approaches of the community relations

program
Although each of the steps is discussed below, it should be noted that
one or more of them may have been performed to some extent during the

development of the site management strategy.

2.3.1 Conduct Scoping Meeting

To begin project planning, a meeting should be held involving key
management from the lead and support agencies, along with contractor per-
sonnel who will be conducting the RI/FS. The meeting allows key personnel
to become involved in initial planning decisions; it also gives them the
opportunity to discuss any special concerns that may be associated with the
site. Furthermore, this meeting sets a precedent for the continued involve-

ment of key personnel pericdically throughout the project.

2.3.2 Collect and Analyze Existing Data

Before the activities necessary to conduct an RI/FS can be planned, it
is important to compile all available data that have previously been col-
lected for a site. These data will be used to determine the additional work
that needs to be conducted both in the field and within the community. A
thorough search of existing data should help avoid duplication of previous
efforts and/or lead to a remedial investigation that is more focused and,

therefore, more efficient in its expenditure of resources.
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Information describing hazardous waste sources, migration pathways, and
human and environmental receptors for a given site is available from many
sources. Some of the more useful sources are listed in Table 2-1. Site
information gathered in the hazard ranking process (the process by which a
site is listed on the NPL) may be located in files maintained by the EPA
Regional offices, the field investigation team (FIT), the technical assis-

tance team (TAT), contractors, and the state.

Data relating to the varieties and quantities of hazardous wastes
disposed of at the site should be compiled. The results from any previous
sampling events should be summ:rized in terms of physical and chemical char-
acteristics, contaminants identified, and concentrations present. Results
of environmental sampling at the site should be summarized, and evidence of
soil, ground water, surface water, sediment, air, or biotic contamination
should be documented. If available, information on the precision and accur-

acy of the data should be included.

Records of disposal practices and operating procedures at the site,
including historical photographs, can be reviewed to identify locations of
waste materials onsite, waste haulers, and waste generators. If specific
waste records are absent, waste products that may have been disposed of at
the site can be identified through a review of the manufacturing processes

of the waste generators.

A summary of existing site-specific and regional information should be
compiled to help identify surface, subsurface, atmospheric, and biotic

migration pathways. Compiled information should include geology, hydro-
geology, hydrology, meteorology, and ecology. Regional information can help

to identify background soil, water, and air quality characteristics.

Data on human and environmental receptors in the area surrounding the
site should be compiled. Demographic and land use information will help
identify potential human receptors. Residential, municipal, or industrial
wells should be located, and surface water uses should be identified for

surrounding areas and areas downstream of the site.

2-8



TABLE 2-1.

DATA COLLECTION INFORMATION SOURCES

Information Source

Hazardous
Waste
Sources

U.S. EPA Files
U.S. Geological Survey
U.S. DOA, Soil Conservation Service®

U.S. DOA, Agricultural Stabilization and Conservation

Service
U.S. DOA, Forest Service
U.S. DOI, FPish and Wildlife Agencies
U.S. DOI, Bureau of Reclamation
U.S. Arny Corps of Engineers
Federal Emergency Management Agency
U.S. Census Bureau

National Oceanic and Atmospheric Administration

State Environmental Protection or Public Health Agencies X

State Geological Survey

State Fish and Wildlife Agencies
Local Planning Boards

County or City Health ‘:cpartments
Town Engineer or Town Hall

Local Chamber of Comerce

local Airport

Local Library

Local Well Drillers

Sewage Treatment Plants

Local Water Authorities

City Fire Departaents

Regional Geologic and Hydrologic Publications
Court Records of Legal Action
Department of Justice Files
State Attorney General Files
Facility Records

Facility Owners and Employess
Citizens Residing Near Site
Waste Haulers and Generators
Site Visit Reports

Photographs

Preliminary Assessment Report
Field Investigation Analytical Data
FIT/TAT Reports

Site Inspection Report

HRS Scoring Package

EMSL/EPIC (Environmental Monitoring Support Laboratory/
Environmental Photographic Information Center)

a
b,

Interviews require EPA concurrence.

LR ]

P DI HD DD DD DM D DD Dt

Migration Pathways

Subsurface urface Ar
X X X
X X
X X
X X

X
X X
X
X
X X X
X X
X X X
X X X
X
X
X
X X
X
X X X
X X
X
X X X
X X
X
X X X
X X X
X X X
X X X
X X X
X

Includes county soil survey reports from Soil Conservation Service, U.S. DOA.
The Federal Emergency Management Agency publishes floodplain maps.

Receptors

¢ ¢
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The ecology of the site and surrounding areas should be described and
the common flora and fauna of the area identified. Any threatened, endan-
gered, or rare species on or near the site should also be identified, as
should sensitive environmental areas or critical habitats. Any available
results from biological testing should be compiled to document biocaccumula-

tion in the food chain.

Once the available data have been collected, they are analyzed to:
(1) establish the physical characteristics of a site to help determine the
scope of future sampling efforts; and (2) conceptually model potential
exposure pathways and receptors to assist in the preliminary assessment of
risk and the initial identification of potential remedial technologies.

Each of these uses is discussed below.
2.3.2.1. Establish Physical Characteristics of the Site

Existing data are analyze& to gain a better understanding of the nature
and extent of contamination and of the pathways, receptors, and existing or
potential effects of the site. The data should be used to develop a site
description, which should include location, ownership, topography, geology,
-land use, waste type, estimates of waste volume, and other pertinent
details. The extent of contamination for the various media should be

-determined for use in designing remedial investigation tasks.

The site description should also include historical events of concern
such as chemical storage and disposal practices, previous site visits,

sampling events, regulatory violations, legal actions, and changes in owner-

ship. In addition, information concerning previous cleanup actions, such as
removal of containerized waste, is often valuable for determining the

characteristics of any wastes or contaminated media remaining at the site.

If quality assurance information on existing sampling data is avail-
able, it should be reviewed to assess the level of uncertainty associated
with the data. This is important to establish whether sampling will be
needed to verify or simply supplement existing data. Important factors to

< 10
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consider when reviewing existing data are the comparability of the data
(e.g,, time of sampling), the analytical methods, the detection limits, the

analytical laboratories, and the sample collection and handling methods.

It is also useful to compile a chronology of significant events. All
sources of information or data should be summarized in a technical

memorandum or retained for inclusion in the RI report.
2.3.3.2 Develop a Conceptual Site Model

Information on the waste sources, pathways, and receptors at a site is
used to develop a conceptual site model to evaluate potential risks to human
health and the environment. The conceptual site model should include all
known and suspected sources of contamination, types of contaminants and
affected media, known and potential routes of migration, and all known or
potential human and environmental receptors. If exact data are unavailable
for components of the model, the likely variability in the component should
be identified so that the model identifies the possible range of contaminant
migration and the potential effects on receptors. This effort, in addition
to assisting in identifying where samples need to be taken, will also assist
in identifying appropriate remedial technologies. Additional information
for evaluating exposure concerns through the use of a conceptual model is

provided in the DQO Guidance. Figure 2-2 shows the elements to be contained

in such a model.

2.3.3.3 Determine the Need for and Implement Limited Additional

Studies

If the conceptual site model is poorly defined and the collection of
site-specific data could greatly increase the understanding of the site, a
limited field investigation may be undertaken as an interim scoping task
prior to developing the work plan. Normally, the investigation is limited
to easily obtainable data where results can be achieved in a short time.

Examples of tasks are:
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o Preliminary geophysical investigations

o] Residential, industrial, and agricultural well sampling and analy-
sis
o Measurement of well-water level, sampling (only for pre-existing

monitoring wells), and analysis

° Limited sampling to determine the need for waste treatability

studies
o Air monitoring
o Site mapping

Once these data are obtained and the conceptual site model is refined,

data needs can be better defined.

2.3.4 Develop and Evaluate Preliminary Remedial Action Alternatives

Once the existing site information has been analyzed and the conceptual
site model developed, potential remedial action objectives should be
identified for each contaminated medium (Chapter 4 presents examples of
remedial action objectives) and a preliminary range of remedial action
alternatives and associated technologies should be identified. This
identification is not meant to be a detailed investigation of alternatives.
Rather, it is intended to be a more general classification of potential
remedial actions based upon the initially identified potential routes of
exposure and associated receptors. The identification of potential
technologies at this stage will help ensure that data needed to conduct the
technical evaluation (e.g., Btu value of wastes to evaluate thermal
destruction technologies) can be collected as early as possible. 1In
addition, the identification of technologies will help determine whether

treatability studies need to be conducted.
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Technologies that may be appropriate for treating or disposing of
wastes should be identified, along with sources of literature on the
technologies' effectiveness, applications, and cost. Further assistance in
the investigation of technologies is provided in the "Technology Screening
Guide™ (U.S. EPA Draft 1987). Innovative technologies and resource recovery

options should be included if they appear feasible.

To the extent practicable, a preliminary list of broadly defined alter-
natives should be developed that reflects the goal of presenting a range of
good options to the decisionmaker. This list Qould therefore include a
range of alternatives in which treatment significantly reduces the toxicity,
mobility, or volume of waste; one or more alternatives that involve contain-
ment with little or no treatment:; and a no-action alternative. The list
should be limited to only those alternatives that are relevant and carry
some significant potential for being implemented at the site. 1In this way,
the preliminary identification of remedial actions will allow an initial
identification of ARARs and will help focus subsequent data-gathering
efforts.

Involvement of the various agencies at this time will help in identify-
ing remedial alternatives and scoping field activities. The development of

alternatives is described in more detail in Chapter 4 of this document.

2.3.5 Evaluate the Need for Treatability Studies

If remedial actions involving treatment have been identified for a

site, then the need for treatability studies should be evaluated as early as
possible in the RI/FS process. This is because many treatability studies,

especially pilot testing, may take several months or more to complete. 1If a
lengthy study is required and is not initiated early, the FS may be delayed
while awaiting the results of the treatability testing.

The initial activities of treatability testing include researching

other potentiaily applicable data, designing the study, and procuring

vendors and equipment. As appropriate, these activities should occur
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concurrently with site characterization efforts so that if.it is determined
that a potential technology is not feasible, treatability activities on this
technology can be stopped before actual analysis of wastes has occurred.

Chapter 6 provides guidance on scoping treatability studies. »

2.3.6 Begin Preliminary Identification of ARARs and To Be Considered

(TBC) Requirements

A preliminary identification of potential ARARs and TBC requireménts in
the scoping phase can assist in initially identifying remedial alternatives
and is useful for initiating communications with the support agency to faci-
litate the identification of ARARs. Because of the iterative nature of the
RI/FS process, ARAR identification continues throughout the RI/FS as a
better understanding is gained of site conditions, site contaminants, and
remedial action alternatives. Furthermore, early identification of

potential ARARs will allow better planning of field activities.

ARARs may be categorized as contaminant-specific, which may define
acceptable exposure levels and therefore be used in establishing preliminary
cleanup goals; as location-specific, which may set restrictions on
activities within specific locations such as floodplains or wetlands; and as
action-specific, which may set controls or restrictions for particular
treatment and disposal activities related to the management of hazardous
wastes. The document, "Guidance on CERCLA Compliance With Other Statutes”
(U.S. EPA, July 1987 Draft), contains detailed information on identifying
and complying with ARARs.

Potential contaminant- and location-specific ARARs are identified on
the basis of the compilation and evaluation of existing site data. A pre-
liminary evaluation of potential action-specific ARARs may also be made to
assess the feasibility of remedial technologies being considered at this
time. In addition to Federai ARARs, more stringent State ARARs must also be
identified. Other Federal and State criteria, advisories, and guidance and
local ordinances should also be considered, as appropriate, in the develop-

ment of remedial action alternatives.
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For documentation purposes, a list should be maintained of all poten-
tial ARARs as they are identified for a site. As the RI/FS progresses, each
ARAR will need to be ascertained. The assistance of the appropriate support
agency should be sought in identifying support agéncy ARARs and confirming

their applicability or relevance and appropriateness.

2.3.7 1Identify Data Needs

The identification of data needs is the most important part of the
scoping process. Data needs are identified by evaluating the existing data
and determining what additional data are.necessary to characterize the site,
complete the conceptual site model, better define the ARARs, narrow the
range of preliminarily identified remedial alternatives, and support

enforcement activities.

The need for additional site data is eQaluated relative to meeting the
site-specific RI/FS objectives. In general, the RI/FS must obtain data to
define source areas of contamination, the potential pathways of migration,
and the potential receptors and associated exposure pathways to the extent

necessary to:

o) Determine whether, or to what extent, a threat to human health or

the environment exists

o Develop and evaluate remedial alternatives (including the

no-action alternative)
° sSupport enforcement or cost-recovery activities
If additional data are needed, the intended uses of the data are iden-
tified, strategies for sampling and analyses are developed, data quality
objectives are established, and priorities are assigned according to the

importance of the data in meeting the objectives of the RI/FS.

The possible use categories include:
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Monitoring during imp;ementation
Health and safety planning

Site characterization

Risk assessment

Evaluating alternatives
Determining the PRP

0O O 0o 0 0 o o

Engineering the design of alternatives

A more complete description of these use categories and their appropri-

ate analytical levels can be found in the DQO Guidance. This is summarized

in Fiqure 2-3.

Setting priorities for data use helps to determine the highest level of
confidence required for each type of data. For example, additional data on
soil contamination may be necessary for all the above categories but may be
of highest priority for risk assessment and evaluation of alternatives.
Within these two use categories, the evaluation of alternatives may require
a much greater level of confidence in the contaminant types and concentra-
tions onsite so that cost estimates for treatment can be prepared to meet or
approach the goal of +50 percent/-30 percent accuracy level. As a result,
data needs specifying the level of allowable uncertainty would be set for
the evaluation of alternatives use category and would therefore provide an-

acceptable level of confidence for the remaining data uses.

Sensitivity analyses may be useful in evaluating the acceptable level
of uncertainty in data. Critical parameters in any of the use categories
can be varied over a probable range of values that were identified in the
conceptual site model and that determine the effect on meeting the RI/FS
objectives. For example, preliminary treatment costs for contaminated soil
can be calculated for various contaminant types and volumes. The sensiti-
vity that contaminant volume and type has on treatment cost can be assessed

so that sufficient site characterization data are collected to allow costing
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| FIGURE 2-3
SUMMARY OF ANALYTICAL LEVELS APPROPRIATE TO DATA USES

DATA USES ANALYTIQAL LEVEL TYPE OF ANALYSIS
Site Characterization ¢ Total Organic/inorganic
Monitoring During LEVEL | Vapor Detection Using
implementation Portable instruments
© Field Test Kits
@ Variety of Organics by

Site Characterization

Evaluation of Altematives GC; Inorganics by AA;
Engineering Design . LEVELN XRF
Monitoring During
Implementation o Tentative iD; Analyte-
Specific
® Detection Limits Vary
from Low ppm to Low
pPd
Risk Assessment ¢ Organics/inorganics
PRP Determination Using EPA Procedures
Site Characterization LEVEL I other than CLP can be
Evaluation of Altematives Analyte-Specific
Engineering Design
Monitoring During ®RCRA Characteristic
Implementation Tests
Risk Assessment ¢ HSL Organics/inorganics
PRP Determination LEVEL IV by GC/MS; AA; ICP
Evaluation of Alternatives

Engineering Design ®Low ppb Detection Limit

® Non-Conventional

Parameters

Risk Assessment

PRP Determination LEVEL V ® Method-Specific
Detection Limits

© Modification of
Existing Methods

® Appendix 8 Parameters
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of treatment alternatives during the FS using a goal of +50 percent/

=30 percent cost accuracy.

In the development of data requirements, time and resource constraints
must be balanced with the desired confidence level of the data. The turn-
around time necessary for certain analytical procedures may, in some cases,

preclude achieving the original level of confidence desired.

Likewise, resource constraints such as the availability of a labora-
tory, sampling and analysis equipment, and personnel may also influence the
determination of data requirements. Because of'the high cost of sampling
and analysis for contaminants on the hazardous substances list, data acqui-
sition should be focused only on the data quality and quantity necessary and
sufficient to meet the RI/FS objectives. It is also important to do any
necessary logistical planning once data needs are identified.” For example,
if it will be necessary to acquire aerial photographs to adequately evaluate
a site, it should be noted early in the process so that the acquisition can

begin early.

2.3.8 Design a Data Collection Program

Once the level of confidence required for the data is established,
strategies for sampling and analysis can be developed. The identification
of sampling requirements involves specifying the sampling design; the
sampling method; sample numbers, types, and locations; and the level of
sampling quality control. Data may be collected in multiple sampling
efforts to use resources efficiently, and the level of accuracy may increase
as the focus of sampling is narrowed. The determination of analytical
requirements involves specifying the most cost-effective analytical method
that, together with the sampling methods, will meet the overall data needs
for the RI/FS. Data quality requirements specified for sampling and
analysis include precision, accuracy, representativeness, completeness, and

comparability.
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A description of the methods to be used in analyzing data obtained
during the RI should be included in a sampling and analysis plan (SAP). The
level of detail possible in defining the data evaluation tasks will depend
on the quality of the site conceptual model. If the site is well
understood, data evaluation techniques should be specified and described.
This information is especially important where numerical modeling is
anticipated. If little existing information is available, the task des-
criptions may be very general, since it may not be clear which data evalu-
ation techniques will be appropriate. If information is lacking,
descriptions of potential evaluation techniques could be included. 1In
addition to site characterization techniques, methods to be used in the risk

assessment should be described.

2.3.9 Develop a Work Plan

Tasks that are to be conducted during the RI/FS should be identified
and documented in a work plan. Although this work plan will constitute the
planning through the completion of the RI/FS, the level of detail with which
specific FS tasks can be described during scoping will depend on the amount
and quality of existing data. Therefore, in situations in which additional
data are needed to adequately scope the development and evaluation of
alternatives, emphasis should be placed on limiting the level of detail used
to describe these subsequent tasks and simply noting in the work plan that
the scope of these activitieé will be refined at a later point in the
process. This will reduce the time needed to prepare and review the initial
work plan. As the RI/FS process progresses and a better understanding'of
the site is gained, these task descriptions can be refined. The preliminary
definitions of tasks necessary to complete the RI/FS should be documented in
the work plan and can be used as a basis for scheduling and estimating the
RI/FS budget.

2.3.10 1Identify Health and Safety Protocols

Protecting the health and safety of the investigative team and the

general public is a major concern during remedial response actions. Workers
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may be exposed to a variety of hazards including toxic chemicals, biological
agents, radiocactive materials, heat or other physical stresses, equipment-
related injuries, and fires or explosions. The surrounding community may be
at increased risk from unanticipated chemical releases, fires, gr explosions
created by onsite activities. 1In recognition of these concerns, OSHA has
published regulations that stress the importance both of an underlying
health and safety program and of site-specific safety planning. Appendix A
provides an overview of the regulations pertaining to hazardous waste site
workers and focuses on the requirements that employers, contractors, and

subcontractors must meet when involved in remedial response actions.

2.3.11 Conduct Community Interviews

The community relations staff members, which can be either lead agency or
contractor personnel and technical staff, should work together during the
scoping process so that there is sufficient information to conduct community
interviews. Community relations staff members then meet with the identified
groups or individuals to gain an understanding of the site's history and the
community's involvement with the site from the community's perspective. The
lead agency will determine on a site-specific basis the type and number of
interviews that need to be conducted to obtain sufficient information to
develop an effective community relations plan. The results of the
interviews shouid be made available to all technical staff members to assist
in identifying potential waste types and disposal practices, potential
pathways of contamination, and potential receptors. On the basis of an
understanding of the issues and concerns of the community, the community
relations history, and the citizens' indicated preferences for how they
would like to be informed concerning site activities, the community rela-
tions plan is prepared. Plans should provide opportunities for public input

throughout the remedial planning process as appropriate.
2.4 DELIVERABLES AND COMMUNICATION

There are several points during the scoping process when communication

is required between the lead agency and its contractor and/or the support
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agency (see Table 2-2). It is especially important that discussion and
information exchange occur if interim actions or limited field investiga-
tions are considered necessary. For all RI/FSs, it is desirable for the
lead and support agencies and their contractors to review existing data and
to concur on the major tasks to be conducted at a site. Specific quidance
for the timing and nature of communications between the lead and support
agencies is provided in the "Superfund Memorandum of Agreement Guidance™ (in

preparation).

Deliverables required for all RI/FSs in which field investigations are
planned consist of a work plan, a sampling and analysis plan, a health and
safety plan, and a community relations plan. Each of these plans is des-

cribed below.
2.4.1 Work Plan
2.4.1.1 Purpose
The work plan documents the scoping process and presents anticipated
future tasks. It also serves as a valuable tool for assigning responsibi-

lities ;nd setting the project's schedule ahd cost. Information on planning

work for lead agency staff may be found in the Federal-Lead Remedial Project

Management Handbook (U.S. EPA, December 1986); and the State-Lead Remedial

Project Management Handbook (U.S. EPA, December 1986).

The work plan documents the decisions and evaluations made during the
scoping process and is usually submitted in conjunction with the SAP, health
and safety plan, and the community relations plan, although each plan may be
delivered separately. The work plan should be modified as necessary

throughout the RI/FS process to reflect changes in scope.
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TABLE 2-2. COMMUNICATION AND DELIVERABLES REQUIRED DURING SCOPING

Potential Methods
of Information

preliminary remedial action
alternatives

Document QA and field sampling
procedures
Document health and safety

procedures

Document all RI/FS tasks

review and concurrence

For contractor to obtain lead agency review and
approval; for lead agency to obtain support
agency review and comment

For contractor to obtain lead agency agreement
that OSHA safety requirements are met

For contractor to obtain lead agency review and
approval; for lead agency to obtain support
agency concurrence

Information Needed Purpose Exchange
If interim actions are needed For lead agency and contractor to identify Meeting
actions that will abate immediate threat to Tech memo
public health or prevent further degradation Other
of the environment; obtain concurrence of
support agency
If limited field investigations For lead agency and contractor to improve Meeting
are needed focus of RI and reduce time and cost; obtain Tech Memo
concurrence of support agency _ Other
Summary of existing data; need For lead agency and contractor to confirm need Meeting
to conduct field studies prior for field studies; for lead agency and contractor Tech Memo
to FS; identification of to plan data collection; obtain support agency Other

SAP (FSP,QAPP)

Health and
safety plan

Work plan

WDR229/052



OSWER Directive 9355, 3-'

The primary user of the RI/FS work plan is the lead agency for the site
(usually either the EPA Region or the appropriate State agency) and the
project team that will execute the work. Secondary users of the work plan
include other groups or agencies serving in a review capacity, such as EPA
Headquarters and local government agencies. In enforcement cases, PRPs may
also review and comment on the work plan. It should also be noted that the
work plan is usually made available for public comment (often in conjunction

with a public meeting) and is placed in the Administrative Record.
2.4.1.2 Preparation

The work plan presents the initial evaluation of existing data and

background information performed during the scoping process, including the

following:
o An analysis and summary of site background and physical setting
o An analysis and summary of previous response actions
o Presentation of the conceptual site model, including an analysis

and summary of the nature and extent of contamination; preliminary
assessment of public health and environmental impacts; and the

additional data needed to conduct the baseline risk assessment

o Preliminary identification of general response actions and alter-

natives and the data needed for the evaluation of alternatives

The work plan also defines the scope and objectives of RI/FS activities

to the extent possible.

The scope of the RI site characterization should be documented in the
work plan, with detailed descriptions provided in the SAP. Later tasks will
usually be scoped in less detail, pending the acquisition of more complete
data about the site. ' -
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The initial work plan is prepared prior to the RI site characteriza-
tion. Because the RI/FS process is dynamic and iterative, the work plan or
suppiemental plans, such as the QAPP and the FSP, can be modified during the
RI/FS process to incorporate new information and refined projectr objectives.
The work plan should be revised, if necessary, before (1) additional
iterations of site characterization activities, and (2) treatability inves-

tigations.
2.4.1.3 Work Plan Elements

Five elements typically are included in a work plan. They are

described in Appendix B.

Among the elements to be included is the specification of RI/FS tasks.
For Federal-lead sites, 15 standard tasks have been defined to provide con-
sistent reporting and allow more effective monitoring of RI/FS projects.
Figure 2-4 shows these tasks and their relationship to the phases of an
RI/FS, and detailed task definitions are included in Appendix B. RI/FSs
that are not Federal-lead projects do not need to use these standard tasks,
but the use of these tasks provides a project management tool and allows
historical cost and schedule data to help estimate these factors in project

planning and management.

Project Management Considerations. Project management considerations

may be specified in the work plan to define relationships and responsibili-
ties for selected task and project management items. This specification is
particularly useful when the lead agency is using extensive contractor
assistance. The following project management considerations may be

discussed in the work plan:

o Identification of staff (the lead agency's RPM, the contractor,

the contractor's site manager, and other team members)

o Coordination among the lead agency, the support agency, and their

contractors
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RIFS WORK PLAN
STANDARD TASKS

TASK

TIMLE

N O HWN -

™

10
1
12
13
14

15

Project Planning
Community Relations *
Field Investigation
Sample Analysis/
Validation
Data Evaluation
Risk Assessment
Treatability Study/
Pilot Testing
Remedial Investigation
Reports
Remedial Altema-
tives Screening
Remedial Altema-
tives Evaluation
Feasibility Study
(RVUFS) Reports
Post RI/FS Support
Enforcement Suppornt *
Miscellaneous
Support *
ERA Planning

Tasks that can
occur in any Phase
ot the RVFS

FIGURE 2-4
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RELATIONSHIP OF RI/FS TASKS TO PHASED RI/FS APPROACH
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o] Coordination with other agencies (Typically, the lead agency's RPM
is the focus for the coordination of all other agency and private

participation in site activities and decisions.)

° Coordination of subcontractors, if any, and description of health

and safety requirements and responsibilities

o Interface for Federal-lead projects with the Contract Laboratory
Program (CLP), if needed, to minimize sampling requirements by use
of field screening, to schedule analyses well ahead of sampling

trips, and to accurately complete CLP paperwork

o Cost control (including a description of procedures for contrac-

tors to report expenditures)

o Schedule control (including a description of schedule tracking
methods and procedures for contractors to report activities to the

lead agency)

o Identification of potential problems so that the RPM and site
manager can develop contingency plans for resolution of problems

during the RI/FS
o Evidentiary considerations, if needed, to ensure that project
staff members are trained with regard to requirements for admis-

sibility of the work in court

Cost and Key Assumptions. For Federal-lead sites, the RI/FS work plan

includes a detailed summary of projected labor and expense costs, broken
down by the 15 tasks listed in Figure 2-3 and described in Appendix B, and a
description of the key assumptions required to make such a cost estimate.
During scoping, more detailed costs typically are provided for the RI site
characterization tasks than for later phases of the RI/FS. The less-

detailed costs may be refined as field investigations progress and the
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nature and extent of site contamination is more fully understood. Cost

estimates may not be required for State- and PRP-lead RI/FSs.

RI/FS costs vary greatly among sites and are influenced by the

following:

o

The adequacy of existing data
The size and complexity of the site
The level of personnel protection required for onsite workers

The number and depth of wells required and the types of subsurface

conditions where wells will be installed

The number and'types of media sampled

The number of samples per media required

The need for suppo;t of enforcement activities

The need for bench~ or pilot-scale tests

Schedule. The anticipated schedule.for the RI/FS is formulated on the

basis of the scope of the project, including the identification of key

activities and deliverable dates. As with cost, the scheduling of tasks

varies among sites.

2.4.1.4 Report Format

The work plan should include the elements described in Appendix B.

Table 2-3 gives a suggested format.
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TABLE 2-3. SUGGESTED RI/FS WORK PLAN FORMAT

Executive Summary
1, Introduction
2. Site Background and Setting
3. Initial Evaluation
o Types and volumes of waste present
o Potential pathways of contaminant migration/preliminary
public health and environmental impacts
° Preliminary identification of operable units
o Preliminary identification of response objectives and
remedial action alternatives

4. Work Plan Rationale

o DQO needs
o Work plan approach

S. RI/FS Tasks

6. Costs and Key Assumptions
7. Schedule

8. Project Management

o Staffing
o Coordination

9. References

Appendixes

WDR229/049
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2.4.2 Sampling and Analysis Plan (SAP)

2.4.2.1 Purpose

The SAP consists of two parts: (1) a quality assurance project plan
(QAPP) that describes the policy, organization, functional activities, and
quality assurance and quality control protocols necessary to achieve DQOs
dictated by the intended use of the data; and (2) the field sampling plan
(FSP) that provides guidance for all fieldwork by defining in detail the
sampling and data-gathering methods to be used on a project. The FSP should
be written so that a field sampling team unfamiliar with the site would be
able to gather the samples and field information required. Guidance for the
selection and definition of field methods, sampling procedures, and custody

can be acquired from the Compendium of Superfund Field Operations Method
(EPA/540/P-87/001a, OSWER Directive 9355.0-14, September 1987). To the

extent possible, procedures from A Compendium of Superfund Field Operations
Rethods should be incorporated by reference. In addition, the QAPP and FSP
should be submitted as a single document (although they may be bound
gseparately to facilitate use of the FSP in the field). These efforts will
streamline preparation of the document and reduce the time required for

review,

The purpose of the SAP is to ensure that sampling data collection
activities will be comparable to and compatible with previous data
collection activities performed at the site while providing a mechanism for
planning and approving field activities. The plan also serves as a basis

for estimating costs of field efforts for inclusion in the work plan.
2.4.2.2 Plan Preparation and Responsibilities

Timing. A SAP is prepared for all field activities. Initial prepa-
ration takes place before any field activities begin, but the SAP may be
amended or revised several times during the RI site characterization or
treatability post-screening investigations or during the FS as the need for

field activities is reassessed and rescoped.
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Preparation and Review. EPA, the states, or the contractors should

prepare SAPs for all field activities performed. The lead agency's project
officer must approve the SAP. Signatures on the title page of the plan
usually show completion of reviews and approvals. Environmental sampling
should not be initiated until the SAP has réceived the necessary approvals.

A suggested format for a SAP is listed in Table 2-4.
2.4.2.3 Quality Assurance Project Plan Elements

Every QAPP should contain 14 elements. These are listed in Table 2-4
and described in detail in Appendix B.

It is important to note that the required information for each of the
elements of a QAPP need not be generated each time a QAPP is prepared. Only
those aspects of a QAPP that are specific to the site being investigated
need to be explicitly described. If site-specific information is already
contained in another document (e.g., the FSP) it need only be referenced.
Similarly, any information contained in guidance documents such as the DQO

Guidance should only be referenced and not repeated in the QAPP.
2.4.2.4 Field Sampling Plan Elements
The second part of the SAP is the FSP. The FSP consists of the six
elements contained in Table 2-4. These elements are described more fully in

Appendix B.

2.4.3 Health and Safety Plan

2.4.3.1 Purpose

Each remedial response plan will vary as to degree of planning, special
training, supervision, and protective equipment needed. The health and
safety plan prepared to support the field effort must conform to the firm's

or agency's health and safety program which must be in compliance with OSHA.
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TABLE 2-4. SUGGESTED FORMAT FOR SAP (QAPP AND FSP)

QAPP
Title Page
Table of Contents
1. Project Description
2. Project Organization and Responsibilities
3. OA Objectives for Measurement
4. Sampling Procedures
5. Sample Custody
6. Calibration Procedures
7. Analytical Procedures
8. Data Reduction, Validation, and Reporting
9. Internal Quality Control
10. Performance and Systems Audits
11. Preventative Maintenance
12. Data Assessment Procedures
13. Corrective Actions
14. Quality Assurance Reports

FSP
1, Site Background (if not included in QAPP)
2. Sampling Objectives A
3. Sample location and Frequency
4. Sample Designation
5. Sampling Equipment and Procedures
6. Sample Handling and Analysis

WDR229/49
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The site health and safety plan should be prepared concurrently with
the_sampling plan to identify pétential problems early, such as the avail-
ability of adequately trained personnel and equipment. The pian should
include maps and a detailed site description, results of previogys sampling
activities, and field reports. The plan preparer should review site infor-
mation, along with proposed activities, and use professional judgment to
identify potentially hazardous operations and exposures and prescribe appro-

priate protective measures. Appendix B of the NIOSH/OSHA/USCG/USEPA Guid-

ance Manual (1985) provides an example of a generic format for a site health
and safety plan that could be tailored to the needs of a specific employer
or site; the elements required in a site health and safety plan are listed
in 29 CFR 1910.120.

2.4.3.2 Elements of the Health and Safety Plan

Each site health and safety plan should include, at a minimum, the

11 elements described in Appendix B.
2.4.3.3 Site Briefings and Inspections

The OSHA regqulation requires that safety briefings be held "prior to
initiating any site activity and at such other times as necessary to ensure
that employees are apprised of the site safety plan and that it is being
followed."

The final component of site health and safety planning or informational
programs is site auditing to evaluate compliance with and effectiveness of
the site health and safety plan. The site health and safety officer or that

person's designee should carry out the inspections.
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2.4.4 Community Relations Plan

2.4.4.1 Purpose

The community relations plan (CRP) documents the community relations
history and the issues of community concern. It should describe the
techniques that will be employed needéd to achieve the objectives of the
program. The plan is used by community relations staff, but it should also
be used by Federal and State agency technical staff members when planning
technical work at the site.

2.4.4.2 Community Relations Plan Elements

Report preparation methods, the elements contained in a CRP, and a

recommended format are included in Community Relations in Superfund: A

Handbook (U.S. EPA, January 1985). This handbook also includes useful

examples of community relations plans.

WDR229/049
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CHAPTER 3
SITE CHARACTERIZATION

3.1 INTRODUCTION

During site characterization, the.sampling and analysis plan (SAP)
developed during project planning is implemented and field data are col-
lected and analyzed to determine to what extent a site poses a threat to
human health or the environment. The major components of site character-

ization are presented in Figure 3-1 and include:
o Conducting field investigations as appropriate
o Analyzing field samples in the laboratory

() Evaluating results of data analysis to characterize the site and

develop a baseline risk assessment

‘0 Determining if data are sufficient for developing and evaluating

potential remedial alternatives

Because information on a site may be limited prior to conducting an RI,
it is often desirable to conduct two or more iterative field investigations
so that sampling efforts can be better focused. Furthermore, as remedial
alternatives are assembled, screened, and evaluated, the need for more field
studies may be identified. As a result, rescoping can occur at several
points in the RI/FS process. During site characterization, rescoping and
additional sampling may occur if the results of field screening or onsite
laboratory analyses show that .site conditions are significantly different
than believed during site and project planning. In addition, once the

sample analytical results have been received (either from a laboratory or
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a mobile lab) and the data analyzed, it must be decided if further sampling
is needed to support the FS or if data are sufficient to assess risks and
initiate the development of alternatives. At this time, it is usually
apparent whether the data needs identified during project planning were
adequate and whether those needs were satisfied by the first round of field
sampling. As discussed in Chapters 4 and 5, there are also points during
the FS when the need for additional field studies may be identified. These
additional studies can be conducted during subsequent site characterization

activities.

To facilitate ATSDR's health assessment of a site, the lead agency
should provide data obtained during site characterization to ATSDR for its
use in conducting a health assessment. Guidance for coordinating remedial
and ATSDR health assessment activities is provided in OSWER Directive
9285.4-02. The lead agency is also responsible for providing information to
the support agency on the types of contaminants and affected media for
identification of State (for a Federal-lead site) or Federal (for a

State~lead site) ARARs.

This chapter provides detailed descriptions of those activities that
may be required during the RI site characterization. As discussed earlier,
the complexity and extent of potential risks posed by Superfund sites is
highly variable. Therefore, the lead and support agencies will have to
decide on a site-specific basis which of the activities described in this
chapter must be conducted to adequately characterize the problem(s) and help

in the evaluation of potential alternatives.
3.2 FIELD INVESTIGATION METHODS

Field investigation methods employed in Rls are selected to meet the
data needs established in the scoping process and outlined in the work plan
and SAP. This section provides an overview of the type of site characteriza-
tion data that may be required and the investigative methods used in obtain-
ing these data. The following sections describe methods for (1) implementing
field activities, (2) investigating site physical characteristics, (3) defin-

ing the sources of contamination, and (4) determining the nature and extent
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of contamination. Specific information on the field investigation methods

described below is contained in A Compendium of Superfund Field Operations
Methods (EPA/540/P-87/00la, OSWER Directive 9355,0-14, September 1987).
Sections in A Compendium of Superfund Field Operations Methods that apply to

particular types of field investigations are shown in Table 3-1.

such

3.2.1 Implement Field Activities

In addition to development of the SAP, fieldwork support activities,

as the following, are often necessary before beginning fieldwork:

Assurance that access to the site and any other area to be

investigated has been obtained

Procurement of subcontractors such as drillers, excavators,

surveyors, and geophysicists

Procurement of equipment (personal protective ensembles, air
monitoring devices, sampling equipment, decontamination apparatus)

and supplies (disposables, tape, notebook, etc.)

Coordination with analytical laboratories, including sample
scheduling, reporting, chain-of-custody records, and sample bottle
acquisition and procurement of close support laboratories or other

in-field analytical capabilities

Procurement of onsite facilities for office space, onsite labora-

tory, decontamination, equipment and vehicle maintenance and
repair, and sample storage, as well as onsite water, electric,

telephone, and sanitary utilities

Provisions for storage or disposal of contaminated material (e.q.,
decontamination solutions, disposable equipment, drilling muds and
cuttings, well-development fluids, well-purging water, and

spill-contaminated materials)
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Table 3-1
RELATIONSHIP AMONG SITE CHARACTERIZATION TASKS
AND THE COMPENDIUM

F

Applicable Sections and Subsections

of the Compendium of Superfund
Tasks Field Operations Methods

Field Investigation

Alr _ 7, 11, 15

Biota 12

Close support laboratories 5.2, 7, 15
Ri-derived waste disposal 3.2, 5.2.6.4, B8.1.6.3
Soil gas

Support 3, 17, 18, 19, 20
Well logging 8.1, 8.3

Mapping and survey 14

Geophysical 8.4

Well installation 8.1, 8.5

Ground water 8.5

Soil - 8.1, 8.2, 8.3
Source testing 7, 13, 15

Surface water 10

Sample analysis

Fieldwork, close support laboratory 5.2, 15

Data validations 16

Sample management 4, 5, 6
Data evaluation 16
WDR243/063
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Since procurement activities can take up to several months, they should
be initiated as early as possible so as not to affect the overall RI/FS
schedule. Schedule impacts should also be avoided by structuring contracts,
where possible, such that there is no need to reprocure services for subse-
quent site characterization activities. This may be accomplished using
contract options that are exercised only in the event that additional

services or facilities are required.

Mobile labs or labs located near the site can often reduce the time
necessary for completing RI activities. If such quick-turnaround analysis
is available, it can be used to determine the location and type of subse~
quent sampling that must take place to more completely characterize the
site. This may also alleviate the need to reprocure subcontractors, and
significantly accelerate the completion of the RI, It is important to note
that if such analytical techniques are to be employed, the work plan and SAP
should allow for decisions on subsequent'activities to be made in the field

with verbal approval from key management personnel.

3.2.2 1Investigate of Site Physical Characteristics

Data- on the physical characteristics of the site and surrounding areas
should be collected to the extent necessary to define potential transport
pathways and receptor populations and to provide sufficient engineeriﬁq data
for development and screening of remedial action alternatives. Information
normally needed can be categorized as surface features (including natural
and artificial features), geology, soils, surface water hydrology,

hydrogeology, meteorology, human populations, and land uses and ecology.
3.2.2.1 Surface Features

Surface features may include facility dimensions and locations
(buildings, tanks, piping, etc.), surface disposal areas, fencing, property
lines and utility lines, roadways and railways, drainage ditches, leachate

springs, surface-water bodies, vegetation, topography, residences, and
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commercial buildings. Features such as these are usually identified for

contaminant migration and the location of potentially affected receptors.

Investigation of surface features should not be limited to .those that
are onsite, but should include significant offsite features as well. Other
facilities in the area that are potential contributors to contamination

should also be identified.

A history of surface features at the site can be developed from
existing data. As discussed in Chapter 2, "Scoping," the data may include
historical photographs, past topographic surveys, operational records, and
information obtained during interviews with owners, operators, local resi-
dents, and local requlatory agencies. Review of historical photographs is )
sometimes the most valuable of these methods., Aerial photographs are often
available from such sources as the Environmental Monitoring Support Labora-
tory, lLas Vegas (EMSL-LV), the Environmental Photographic Intrepretation
Center (EPIC), and the Soil Conservation Service of the USDA.

Existing surface features may be described using aerial photography,
surveying and mapping, and site inspection. Inspection of the site and the
surrounding areas is normally augmented with photographs. Section 14 of

A Compendium of Superfund Field Operations Methods presents additional

details on land surveying, aerial photography, and mapping.
3.2.2.2 Geology
Geology may control or affect the following aspects of a site:

o The depths, locations, and extents of water-bearing units or

aquifers
o The release of contaminants and subsequent movement through the
environment

3-7
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o The engineering geologic aspects of site exploration and

remediation

Table 3-2 summarjizes detailed aspects of site geology. The
investigation of site geology must be tailored to ensure identification of
those aspects that will affect the fate and transport of contaminants. For
example, an understanding of site geology is less important at a site at
which release of contaminants occurs by volatilization to the atmosphere

than at a site at which contaminants are moving toward the water table.

To understand the geology of a site, one must determine the geology of
bedrock and of unconsolidated overburden and soil deposits. Table 3-1 '
summarizes specific aspects of overburden and bedrock geology. The degrees
to which overburden and bedrock geology must be hnderstood depend on the
geologic character of the site area, as well as on the physical
characteristics of the site it;elf. An understanding of the regional
geologic character of a site is useful in determining which aspect of site
geology may have the greatest influence on the determination of the fate and

transport of contaminants and on the use of potential remedial technologies.

In general, an investigation of site geology should include the
following steps:

-

o Determination of regional geology from available information

o Reconnaissance mapping of the area, which may include geophysical

investigations onsite
o Subsurface explorations

The degree to which these steps are undertaken will be determined by
the degree to which the need to evaluate geologic aspects of the site
dictates the investigations needed in the RI/FS process. Table 3-2
discusses these investigation methods, and the methods are described in

detail in Chapter 8 of A Compendium of Superfund Field Operations Methods.
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SUMMARY OF SITE GEOLOGY
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Information Needed

Purpose or Rationale

o Geology of unconsolidated
overburden and soil deposits

- Thickness and areal extent
of units

- Lithology; mineraloqy

-~ Particle size and sorting;
porosity

o Geology of bedrock

- Type of bedrock (igneous,
metamorphic, sedimentary)

- Lithology; petrology

- Structure (folds, faults)

- Discontinuities (joints,
fractures, bedding planes,
foliation)

- Unusual features such as
igneous intrusive bodies
(dikes), lava tubes,
solution cavities in
limestone (Karst)

For both unconsolidated and bedrock geology:

o Evaluate the influence of geology on
water-bearing units and aquifers

o Evaluate the influence of geology on
release and movement of contaminants

o Obtain information on the engineering
geologic aspects of site remediation

Collection Methods

For both unconsolidated and bedrock geology:

(]

Determination of regional geology from
available information

Published reports (geologic reports,
ground-water reports, soil survey reports)
State geologic maps

USGS topographic quadrangle maps
Descriptions of regional geology from
previous reports of site investigations

Site reconnaissance mapping

Field mapping of surficial soil and
overburden units, bedrock outcrops,
surface water drainage, springs, and seeps
Analyses of aerial photography or other
remote imagery

Surface geophysics

Subsurface explorations

Test borings or core borings (with or
without sampling)

Test pits and trenches

Description and logging of subsurface
geologic materials

Sample collection for laboratory analyses
of physical properties and mineral content
Borehole geophysics .

WDR243/036
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3.2.2.3 Soils and the Vadose Zone

Properties of surface soils and the vadose zone influence the type and
rate of contaminant movement to the subsurface and subsequently to the water
table. Contaminants that can move through the surface soil and into the
vadose zone may move directly to the water table or they may be partially or
fully retained within the vadose zone to act as continual sources of ground-
water contamination. Engineering, physical, and chemical properties of soil
and vadose zone materials can be measured in the field or in the laboratory.

Table 3-3 summarizes typical investigation methods.
3.2.2.4 Surface-Water Hydrology

Surface-water features may include erosion patterns and surface-water
bodies such as ditches, streams, ponds, and lakes. The transport of con-
taminants in surface-water bodies is largely controlled by flow, which in
streams is a function of the gradient, geometry, and coefficient of fric-
tion. A description of hew flow is measured can be found in Section 10 of

A Compendium of Superfund Field Operatiohs Methods. Contaminants have three

possible modes of transport: (1) sorption onto the sediment carried by the
flow, (2) transport as suspended solid, and (3) transport as a solute (dis-
solved) . The transport of dissolved contaminants, which move the fastest,
can be determined by characterizing the flow of the surface water and the
contaminant dispersion. Sediment and suspénded solid transport involve
other processes such as deposition and resuspension. Table 3-4 presents the

surface-water information that may be required for RIs.

If potential pathways include surface water, necessary data about
impoundments may include (1) physical dimensions such as depth, area, and
volume; (2) residence time; and (3) current direction and rates. As with
impoundments, the direction and velocity of lake currents are often highly
variable and, as a result, are difficult to measure and accurately predict.
Site mapping will provide much of this information. Measurement techniques,

which are specified in Section 10, Surface Hydrology, of A Compendium of

Superfund Field Operations Methods, include the use of current meters and

drogue tracking.
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SUMMARY OF SOIL AND VADOSE ZONE INPORMATION

Table 3-3
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Potential Information Needed
Soil Characteristics:

Type, holding capacity,
temperature, biological
activity, engineering

properties

Soil (hemistry (haracteristics:

Solubility, fon speciatton,
adsorption coefficients,
leachadblility, cation exchange
capacity, mineral partition
coefficients, chemical and
sorptive properties

Vadose Zone Characteristics:

Permeability, variability,
porosity, moisture content,
chemical characteristics,
extent of contaamination

Purpose or Rationale

Estimate the effect of the
properties on iofiltration and
retardation of leachates and the
release of gaseous contaminants

Predict contamipant movement
through soils and availability
of contaminants to biological
systems

o Estisate flux in the vadose tone

o PEstimate velocity in the vadose
sone

o Evaluate pollutant sovesent {n
the vadose szone

Collection Methods

Primary

Reports and saps by Federal
and county agencies, Soil
Conservation (SCS) publications

Existing scientific literature

Existing literature

IExisting literature

Existing literature

Becondary

Borehole sampling, laboratory seasurements (ASTM methods),
water budget methods, instantanecus rate method, seepage
meters, infiltroseters, test basins

Chemical analysis, column experiments, leaching tests

Hater budget with soil moisture accounting
Dratning profile metbods

Measuresent of hydraulic gradients

Estimates assuming unit hydrasulic gradient

Flow seters

Methods based oo estimating or measuring hydraulic
conductivity, using:

0 Laboratory parameters

o Relationships betveen hydraulic conductivity and grain size

o Catalog of hydraulic properties

o Field sesasurements of hydraulic conductivity using single
or multiple wells

o Tracers
o Calculations using flus values
o Calculation using long-term inflltration data

Four probe electrical method

Zlectrical conductivity probe

Salinity sensors

Solids sampling followed by laboratory extraction of pore water
Solids sampling for organic and microbiasl coanstituents

Suction Lysimeters

Sampling perched ground water
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SUMMARY OF SURFACE-WATER INFORMATION THAT MAY BE IMPORTANT TO SITE CHARACTERIZATION
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Information Needed

Drainage Patterns:

o Overland flow, topography,
channel flow pattern,
tributary relationships,
soll erosions, and sediment
transport and deposition

Surface-Water Bodies:

o Flow, stream widths and
depths, channel elevations,
flooding tendencies, and
physical dimensions of
surface-vater impoundments

o Structures

o Surface-water/ground-water
relationships

Surface-Water Quality:

o pH, temperature, total sus-
pended solids, suspended
sediment, salinity, and
specific contaminant
concentrations

Purpose or Rationale

Determine if overland or
channel flow can result in
onsite or offsite flow and 1if
patterns form contaminant
pathways

Determine volume and
velocity, transport times,
dilution potential, and
potential spread of
contamination

Effect of manmade structures
on contaminant transport and
mitigation

Predict contaminant pathways
for interceptive remedial
actions

Provide capacity of water to
carry contaminants and water/
sediment partitioning

Appropriate Collection Methods

Primary

Topographic maps, site inspec-

tion, and soil conservation
services

Public agency data and
atlases; catalogs, maps, and
handbooks for background data

Public agency maps and records

and ground survey

Public agency reports and
surveys

Public agency computerized
data files, handbooks, and
open literature

Secondary

Aerial mapping, and ground
survey

Aerial mapping, and ground
survey

Water level measurements,
and modeling

Sampling and analysis
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3.2,2.5 Hydrogeology.
Determination of site hydrogeology involves identification of geologic

aspects, hydraulic properties, and ground-water use, as defined in Tables 3-5

and 3-6 and described in Chapter 8 of A Compendium of Superfund Field

Operations Methods. The determination of site geology and hydrogeology can

often be incorporated into a single investigative program. Regional hydro-
geologic conditions can be determined from existing information; site-
specific hydrogeologic conditions can be determined using subsurface
explorations, well installations, and field testing of hydraulic properties.
Table 3-7 summarizes the typical data collected during a hydrogeologic

investigation and available analytical methodologies.

3.2.2.6 Meteorology

Meteorological data are often required to characterize the atmospheric
transport of contaminants for risk assessment determinations and provide

real-time monitoring for health and safety-issues. Representative offsite

and site-specific data may be obtained using sampling methods outlined in

Section 11, "Meteorology and Air Quality," of A Compendium of Superfund

Field Operations Methods. This publication also discusses data requirements

for using refined air quality modeling and applicable models. Table 3-8

summarizes atmospheric investigations.
3.2.2.7 Human Populations

Information should be collected to identify, enumerate, and
characterize human populations potentially exposed to contaminants released
from a site. For a potentially exposed population, information should be
collected on population size and location. Special consideration may be
given to identifying potentially sensitive subpopulations such as children,
pregnant women, infants, and the chronically ill. The identification of
these high-riskAsubpopulations should be linked with the potential

contaminants of concern (i.e., those that are mutagenic, teratogenic, etc.)
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~ Table 3=5
ASPECTS OF SITE HYDROGEOLOGY

o Geologic aspects

Type of water-bearing unit or aquifer (overburden, bedrock)
Thickness, areal extent of water-bearing units and aquifers

Type of porosity (primary, such as intergranular pore space, or
secondary, such as bedrock discontinuities or solution cavities)

Presence or absence of impermeable units or confining layers

Depths to water table; thickness of vadose zone

o) Hydraulic aspects

le] Groun

Hydraulic properties of water-bearing unit or aquifer (hydraulic
conductivity, transmissivity, storativity, porosity, dispersivity)

Pressure conditions (confined, unconfined, leaky confined)
Ground-water flow directions (hydraulic gradients, both horizontal
and vertical), volumes (specific discharge), rate (average linear
velocity)

Recharge and discharge areas

Ground-water or surface water interactions; areas of ground-water
discharge to surface water

Seasonal variations of ground-water conditions
d-water use aspects
Identify existing or potential aquifers

Determine existing near-site use of ground water
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Table 3-6
FEATURES OF GROUND-WATER SYSTEMS

o Components of the ground-water system

Unconfined aquifers

Confining beds

Confined aquifers

Presence and arrangement of components

o Water-bearing openings of the dominant aquifer
- Primary openings
- Secondary openings
o} Storage and transmission characteristics of the dominant aquifer
- Porosity
- Transmissivity
o] Recharge and discharge conditions of the dominant aquifer.
WDR243/038
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Table 3-7
SUMMARY OF IMPORTANT GROUND-WATER INFORMATION
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Information Needed

Ground-Water Occurrence:

o Aquifer boundaries and
locations

o Aquifer ability to
transmit water

Ground-Water Movement:

o Direction of flow

o Rate of flow

Purpose or Rationale

Define flow limits and degree
of aquifer confinement

Determine potential
quantities and rates for
treatment options

Identify most likely pathways
of contaminant migration

Determine maximum potential
migration rate and dispersion
of contaminants

. Appropriate Collection Methods

Primary

Existing literature,
water resource atlases

Pumping and injection
tests of monitor wells

Existing hydrologic
literature

Existing hydrologic
literature

Secondary®

Installation of wells and piezometers
(single level or multilevel)

Ground-water level measurements (over
time to monitor seasonal variations)

Instrument survey of wells for
calculation of ground-water elevations

Borehole and surface geophysics

Water level measurements in monitor
wvells

Testing of hydraulic properties using
slug tests, tracer tests, and pump
tests (short- or long-duration, single
or multiple well)

Elevation contours of water table or
potentiometric surface

Analytical calculations of flow
directions and rates

Computer generated simulations of
ground-vater flow and contaminant
transport (using analytical or
numerical methods)

Generation of site water balance

Hydraulic gradient, permeability, and
ef fective porosity from water level
contours, pump test results, and
laboratory analyses

*May be appropriate 1f detailed information is required or if it is the only method due to a paucity of published data.
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Table 3-7 (continued)
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Information Needed
R =
Ground-Water Recharge/Discharge:

o Location of recharge/
discharge areas

o Rate

Ground-Water Quality:

o pH, total dissolved solids,
salinity, specific con-
taminant concentrations

Purpose or Rationale

Determine interception points
for withdrawal options or
areas of capping

Determine variability of
loading to treatment options

Determine exposure via ground
water; define contaminant
plume for evaluation of
interception methods

Appropriate Collection Methods

Primary

Existing site data,
hydrologic literature,
site inspection

Existing literature

Existing site data

Secondary®

Comparison of water levels in
observation wells, plezometers, lakes,
and streams

Field mapping of ground-water recharge
areas (losing streams, interstrean
areas) and ground-water discharge to
surface water (gaining streams, seeps,
and springs)

Hater-balance calculations aided by
geology and soil data

Analysis of ground-water samples from
observation wells, geophysics

*May be appropriate if detailed information 1s required or if it is the only metliod due to a paucity of published data.
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Table 3-8
SUMMARY OF IMPORTANT ATMOSPHERIC INFORMATION

Information Needed

Local Climate:

o Precipitation

o Temperature

o Wind speed and direction

o Presence of inversion layers

Weather Extremes:
o Storms
o Floods

o Winds

Release Characteristics:

o Direction and speed of plume
movement

o Rate, amount, temperature of
release

o Relative densities

Purpose or Rationale

Define recharge, aeolian ero-
sion, evaporation potential,
effect of weather patterns on
remedial actions, area of
deposition of particulates

Determine effect of weather
extremes on selection and
timing of remedial actions,
and extremes of depositional
areas

Determine dispersion
characteristics of release

Appropriate Collection Methods
Primary Secondary

National Climate Center (NCC)
of National Oceanic and
Atmospheric Administration;
local weather bureaus

Onsite measuresents and
observations

NCC; State emergency planning
offices; Federal Emergency
Management Agency flood insurance
studies

Information from source
facility, weather services,
air monitoring services

Onsite measurements

i e
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to identify how these populations may be at risk. Census and other survey
' data may be used to identify and describe the population exposed to various
contaminated media. Information may also be available from USGS maps, land

use plans, zoning maps, and regional planning authorities.

Data describing the type and extent of human contact with contaminated

media also are needed, including:

o Location and use of surface waters
- Drinking water intakes and distribution
- Recreational (swimming, fishing) areas
- Connection between surface-water bodies
o Local use of ground water as a drinking-water source

- Number of wells

- Distance of wells from the site

- Expected direction of ground-water flow
- Depth of wells

- Availability of alternate sources
o Human use or access to the site and adjacent areas
- Recreatiocnal use
- Hunting
- Fishing

- Residential

- Commercial
o Location of population with respect to site

- Proximity

- Prevailing wind direction
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Information on expected land use, as well as current land use, is
desirable. Available population growth projections, land use plans, and
zoning maps can help predict expected exposure scenarios. This information
may be obtained from zoning boards, the census bureau, regional planning

agencies, and other local governmental entities.
3.2.2.8 Ecological Investigations

Biological and ecological information collected for use in the risk
assessment aids in the evaluation of impacts to the environment associated
with a hazardous waste site and also heips to identify potential effects
with regard to the implementation of remedial actions. The information
should include a general identification of flora and fauna in and around
the site (including endangered and threatened species and those consumed by
humans or found in human food chains) and identification of critical habi-
tats. Bioassay information may be needed for species that are known to be

consumed by humans. Chapter 12 of A Compendium of Superfund Field Opera-

tions Methods and Table 3-9 provides a summary of both environmental infor-

mation that may be needed and potential collection methods. The Natural
Resources Trustee for the site should be contacted to determine if other

ecological data are available that may be relevant to the investigation.

3.2.3 Define Sources of Contamination

Sources of contamination are often hazardous substances contained in
drums, tanks, surface impoundments, waste piles, and landfills. In a prac-
tical sense, heavily contaminated media (such as soils) may also be consid-
ered sources of contamination, especially if the original source (such as a
leaking tank) is no longer present on the site or is no longer releasing

contaminants.

Source characterization involves the collection of data describing
(1) facility characteristics that help to identify the source location,
potential releases, and engineering characteristics that are important in

the evaluation of remedial actions; (2) the waste characteristics, such as
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Table 3-9

SIMARY (F IMPORTANT BOOLOGICAL INFORMATION

Fama and Flara

Critical Habitats

Water Use Characteristics

Bioocontamination

Purpoge ar Rationale

Determine area an ar near
site to be protected during

Determine if terrestrial
envirament could result in
humen exposure, e.qg.,
presence of gare animals,
agricultural lanmd

Determine if aquatic
erwvirament could result in
human exposure, e.q.,
presence of game, fish,
recreational water

Determine cbservable impact

of oontaminants an ecosystems

Appxropriate Qollection Methods

Primary

Records of area plants and
animals survey, survey of

plants and animals an or near

site; survey of site or area
photographs

Records of site envixonment

Mricultwwral and development
maps; site survey

Water resource agency reports;

site surveys

Records of site enviromment

Secondary

Ground surveys and sanple
collection

Ground and aerial survey

Sanpling and analysis
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the type and quantity of contaminants that may be contained in or released
to the environment; and (3) the physical or chemical characteristics of
hazardous wastes present in the source. Key source characterization data

are summarized in Table 3-10.

The location and type of containment should be determined for all
sources. In addition, where the hazardous substance remains in containment
vessels, the integrity of the containment structure should be determined so
that the potential for release and its magnitude can be evaluated. This
determination is especially important for buried drums or tanks, because
corrosion may be rapid. These data, as well as the data identified in
Table 3-10, may be obtained largely through site inspections, mapping,

remote sensing, and sampling and analysis.

The waste type should be determined for each source. If available
waste manifests or facility records can be reviewed, the industrial
processes that resulted in generation of the waste can be determined and the
types of contaminants usually present in the process waste can be
identified. Often, sources are sampled and analyzed for contaminants found
on the Target Compound List (TCL) (formerly the Hazardous Substances List)
or other lists such as those developed for RCRA, as appropriate to the waste
type. Quantities of wastes may be estimated for each waste type either from
verifiable inventories of wastes, from sampling and analysis, or from

physical dimensions of the source. Section 13 of the Compendium of

Superfund Field Operations Methods and Ford, Turina, and Seely (1983)

describe methods suitable for sampling and analysis.

It may be possible to determine the location and extent of sources and
the variation of materials within a waste deposit by nonchemical analysis.
Methodologies for this determination, which are described in Chapter 8 of
the Compendium of Field Operations Methods, include geophysical surveys. A

variety of survey techniques (e.g., ground-penetrating radar, electrical
resistivity, electromagnetic induction, magnetometry, and seismic profiling),
can effectively detect and map the location and extent of buried waste depos-

its. Aerial photography and infrared imagery can aid in defining sources
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Table 3-10
SIMARY CF IMPORIANT SOURCE INFORMATION

Information Typically Needed

Facility Characterigtics:

o Type of waste/chemical
cntaimment

o Integrity of waste/chemical
oontainment

o Drainage control

o Site security

o Known discharge points
(outfalls, stacks)

Purpose or Ratianale

Locate above-ground and
subsurface oontaminant
sources

Detexmine potential remedies
for releases

Detemmine probability of
release and timing of
response

Detmndm;zdﬂn’l_ityof
release to surface water

Identify possible conduits
for migration ar interference

with remedial actions

Determine potential far
exposure by direct contact;
may dictate response
Detemmine points of
accidental or intentional
discharge

Oollection Methods

Site ingpection facility
records, archival photos

Site ingpection

Site inspection

Site ingpection; topographic

Site inspection; facility

Site ingpection

Site inspection; facility

Remote sensing, sampling, and
analysis

Rancte sensing

Sanpling and analysis;
nondestructive testing

Rerote sensing
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Table 3-10 (continued)

Information Typically Needed

o Mapping and surveying

Waste Characteristics:

o Type

o Quantities

0 Chemical ard physical

o Ooncentrations

Rupose or Rationale

Incate existing structures
and cbstructions for

altematives evaluation, site

features, and topography

Existing maps (USGS, county,

land development)

Site inspection; waste

Site inspection

Site inspection, handbooks,
CHEMIREC/AHMIADS, Chemical
Information Service (CIS),
and facility records

Site inspection

Remote sensing; surveying

Sapling and analysis

Sanpling and analysis;

Sanpling and analysis

Sanpling and analysis
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through interpretation of the ecological effects that result from stressed
biota. However, all of these geophysical methods are nonspecific, and
subsequent sampling of the sources will probably be required to provide the

data for evaluation of source control measures at the site.

3.2.4 Determine the Nature and Extent of Contamination

The final objective of the field investigations is to characterize the
nature and extent of contamination. This process involves using the
physical site cha;acterization data (e.g., ground-water flow directions,
overland flow patterns) to give a preliminary estimate of the locations of
contaminants that may have migrated. An iterative monitoring program is
then implemented so that, by using increasingly accurate analytical
techniques, the locations and concentrations of contaminants that have

migrated into the environment can be documented.

The sampling and analysis approach that should be used is discussed in

Section 4.5.1 of the DQO Guidance. In short, the approach consists of,

where appropriate, initially taking a large number of samples using field
screening type techniques andlthen, based on the results of these samples,
taking additional samples--to be analyzed more rigorously--from those
locations that showed the highest concentrations in the previous round of
sampling. The final step is to document the extent of contamination using
an analytical level that yields data quality that is sufficient to serve as
input to a risk assessment and to a subsequent analysis and selection of

remedial alternatives.

At hazardous waste sites, the nature and extent of contamination is of
concern in five media: ground water, soil, surface water, sediments, angd
air. The methodologies for conducting sampling and analysis for each of
these media are discussed below. More detailed descriptions of the
investigation process can be found in the DQO Guidance and A Compendium of

Superfund Field Operations Methods.
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3.2.4.1 Ground Water

The nature and extent of ground-water contamination must be determined
in both the horizontal and vertical directions. On the basis of geologic
and hydrogeologic investigations, it must be determined if contamination of
~an aquifer(s) is possible and if such contamination could potentially affect
human or environmental receptors. Following this, a ground-water monitoring
program should be implemented, concentrating the placement of wells in the
direction of ground-water flow, in aquifers subject to contamination, and in
places where they would indicate an existing or future threat to receptor
populations. However, because of the uncertainties associated with
subsurface migration, identifying background levels, and determining if
there is a contribution from other sources, sampling should also be
conducted in the area perceived to be upgradient from the contaminant

source.

Because of the significant investment necessary to drill new wells and
the resulting limited number of samples, neither Level I nor field-screening
techniques are appropriate for analysis of ground water, other than to
possibly better define chemical analysis parameters. Geophysical techniques
can be useful in identifying the location of plumes and thereby assisting in
thé location of monitoring wells. However, geophysical techniques are
subject to influences from external factors and are not appropriate at all
sites. Therefore, care must be taken in employing these methods, and their
results should always be confirmed with analytical sampling. Guidance on
conducting ground-water sampling can be found in A Compendium of Superfund

Field Operations Methods and the DQO Guidance.

3.2.4.2 Soil

As with ground-water sampliﬂg, the intent of soil sampling is to
identify limits of existing soil contamination and characterize the
contamination. However, whereas field-screening techniques can be
inappropriate for ground-water sampling, these techniques are appropriate

for directing soil sampling into areas of greatest contamination or "hot
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spots.” If existing information provides no basis for predicting where hot
spots might occur, sampling locations can be chosen in a grid pattern of a
size to ensure that investigators can be confident that areas of high
concentration have been located. Often, especially if soil has been
contaminated as a result of overland flow of contaminants from defined
sources, sampling can be concentrated in those areas that, either through
topography or evidence such as drainage channels, it is most likely that

contaminants have been deposited.

As with ground water, soil contamination should be documented in both
vertical and horizontal directions. This approach will help determine both
areas of contamination and background concentrations. Soils to be analyzed
usually can be obtained by hand, allowing many samples to be taken and
initially analyzed with instruments such as a photoionization detector.
Results of field screening can then be used to determine which samples

should be further analyzed using more rigorous methods.
3.2.4.3 surface Water

Leachate from contaminant sources or discharge of contaminated ground
water can cause surface water to become contaminated. Surface-water
sampling locations should be chosen at the perceived location(s) of
contaminant entry to the surface water and downstream, as far as necessary,
to document the extent of contamination. As with soil, the relative ease
with which samples can be taken means that many samples can be taken and
analyzed using field screening methods; then a subset of samples can be

chosen for more rigorous analysis.

Contamination of surface water is sometimes the result of an incidental
release of contaminants such as the overflowing or breach of a surface
impoundment. In these cases, it is not likely that routine surface water
sampling will show contamination that has or will occur. Therefore, to
document whether such releases occur, sampling should be conducted during or

following periods of heavy rainfall.
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3.2.4.4 Sediments

A potentially more serious problem associated with the contamination of
surface water by hazardous waste sites is contaminated sediments. Whereas
contamination in surface water tends td bécome diluted or transformed as it
travels downstream, contaminants deposited in sediments tend to remain in
place and concentrate. It is therefore very important to monitor for

sediment contamination if it is suspected that surface water has been

contaminated.

The choice of sampling locations for sediments is similar to the
criteria applied to surface-water sampling. Field-screening techniques can
be useful in defining areas of contamination. However, it should be noted
that sediment contamination often consists of inorganics and/or nonvolatile
organics, for which field screening techniques are not as applicable.
Therefore, in designing a sampling program, consideration of the

contaminants of concern is very important.
3.2.4.5 Air

Volatilization of organics and emissions of airborne particulates can
be a concern at hazardous waste sites. For sites at which it appears that
air emissions may be a problem (e.g., surface impoundments containing
volatile organics, landfills at which there is evidence of methane gas
production and migration), an air emissions monitoring program should be
undertaken. A field-screening program is recommended to determine if there
is an air pollution problem, both for volatile organics and fugitive dust
emissions. Because of the highly variable nature of air emissions from
hazardous waste sites, consideration of meteorological conditions at the

time of sampling is essential for the proper documentation of potential air

pollution.
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3.2.5 Additional Site Characterization

In some situations, additional site information may be required to
refine our understanding of the site and better evaluate specific remedial

alternatives. Examples include:

o Better delineation of contaminated areas and depths of
contamination so that quantities of contaminated media to be

processed can be calculated more accurately

(o} Characteristics of the media that would affect the feasibility of
the remedial alternative, such as soil permeability for socil-vapor

extraction

o Pertinent site characteristics not initially discovered in the

initial site characterization process

Before additional site characterization is initiated, the most recent
QAPP/FSP should be reviewed and modified as appropriate to guide the
collection of additional site data. In addition, site data collected and
évaluated as part of the initial RI site characterization should be reviewed
and compared to the data needs identified for conducting the detailed
analysis of alternatives. Reviewing data needs during the preplanning step
is also useful in predicting the approximate characteristics of the samples

to be collected.
3.3 LABORATORY ANALYSES

Data that will be used as the basis for decisionmaking requires that
the analysis of samples in laboratories meets specific QA/QC requirements.
To meet these requirements, Federal- or State-lead site investigations have
the option of using mobile labs; the CLP, which is established by EPA; or a
non~-CLP laboratory that meets the data quality objectives of the site
investigation.
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The CLP provides analytical services through a nationwide network of
laboratories under contract to EPA. The lead agency chooses whether or not
to use a CLP laboratory on the basis of available CLP capacity and the
analytical requirements that meet the data quality objectives. If the CLP

is not used, a laboratory is procured using standard bidding procedures.

Under the CLP, the majority of analytical needs are met through
standardized laboratory services provided by Routine Analytical Services
(RAS). However, other specialized types of analysis not yet provided by
standardized laboratory contracts may be scheduled on an as-needed basis
under the Special Analytical Services (SAS) program. The RAS program
currently provides laboratory services for the analysis of organics and
inorganics in water or solid samples. The SAS program is designed to
complement the RAS program by providing the capability for specialized or
custom analytical requirements. If an analytical need is not ordinarily
provided by RAS, a specific subcontract can be awarded under the SAS program

to meet a particular requirement.

The éecision whether to use mobile labs or a CLP or non-CLP laboratory
should be based on several factors including the analytical services
required, the number of samples to be analyzed, and anticipated turnaround
time of the laboratory at the time samples are to be sent. Mobile or
non-CLP labs located close to the site may be the best choice when fast
turnaround of analytical results is required to meet specific sampling
objectives or would result in a significant reduction of the overall RI/FS
schedule. To facilitate the most efficient completion of the RI, mobile or
non-CLP labs can be used to initially document the nature and extent of
contamination. Selected duplicate samples can be sent to CLP labs to
confirm and validate the analytical results from the mobile or non-CLP labs.
This process assists in the timely completion of the RI and the initiation
of FS activities, while still ensuring that legally defensible CLP data are

available for decisionmaking and potential cost-recovery actions.

If a non-CLP laboratory is used, analytical protocols need to be

specified in the bid packages sent to labs that are under consideration.
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For Federal-lead sites, labs receiving invitations to bid have usually been
approved by the EPA Regional QA representative. For State-lead sites at
which non~CLP labs are used, the laboratory usually subcontracts with the

prime contractor when the project is initiated.

Section 5 of A Compendium of Superfund Field Operations Methods

presents the details of procedures for the use of CLP laboratories and

non-CLP laboratories. The User's Guide to the Contract Laboratory Program

also presents procedures for use of the CLP.
3.4 DATA ANALYSES

Analyses of the data collected should focus on the development or
refinement of the conceptual site by presenting and analyzing data on source
charaétetistics, the nature and extent of contamination, the contaminated
transport pathways and fate, and the effects on human health and the
environment. Data collection and analysis for the site characterization is
complete when the DQOs that were developed in scoping (including any
revisions during the RI) are met, when the need (or lack thereof) for
remedial actions is documented, and when the data necessary for development,
screening, and evaluation of remedial actions have been obtained. The
presentation of data in the RI can be divided into an analysis of site

characteristics and the baseline risk assessment.

3.4.1 Site Characteristics

The evaluation of site characteristics should define the current extent
of contamination and estimate the travel time to, and the predicted
contaminant concentrations at, potential exposure points. Data should be
analyzed to describe (1) the site physical characteristics, (2) the source
characteristics, (3) the nature and extent of contamination, and (4) the

important contaminant fate and transport mechanisms.
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3.4.1.1 Site Physical Characteristics

Data on site physical characteristics should be analyzed to describe
the environmental setting at the site, including important surface features,
soils, geology, hydrology, meteorology, and ecology. This analysis should
emphasize factors important in determining contaminant fate and transport
for those exposure pathways of concern. For example, if migration of
contamination in ground water is of concern, these factors may include the
properties of the unsaturated zone, the rate and direction of flow in the

aquifer(s), and the extent of subsurface systems.
3.4.1.2 Source Characteristics

Data on source characteristics should be analyzed to describe the
source location; the type and integrity of any existing waste containment;
and the types, quantities, chemical and physical properties, and
concentrations of hazardous substances found. The actual and potential
magnitude of releases from the source and the mobility and persistence of

source contaminants should be evaluated.
3.4.1.3 The Nature and Extent of Contamination

An analysis of‘data collected concerning the study area should be
performed to describe contaminant concentration levels found in
environmental media in the study area. Analyses that are important to the
subsequent risk assessment and subsequent development of remedial
alternatives include the horizontal and vertical extent of contamination in
soil, ground water, surface water, sediment, air, biota, and facilities.
Spatial and temporal trends in contamination may be important in evaluating
transport pathways. Data should be arranged in tabular or graphical form

for clearer understanding. Figure 3-2 shows an example of how the extent of
‘soil and ground-water contamination can be represented in terms of excess
lifetime cancer risk. Similar figqures can be prepared showing

concentrations rather than risk values.
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3.4.1.4 Contaminant Fate and Transport

Results of the site physical characteristics, source characteristics,
and extent of contamination analyses are combined in the analyses of
contaminant fate and transport. If information on the contaminant release
is available, the observed extent of contamination may be used in assessing
the transport pathway's rate of migration and the fate of contaminants over
the period between release and monitoring. Contaminant fate and transport
may also be estimated on the basis of site physical characteristics and

source characteristics.

Either analysis may use analytical or numeéical moéeling. While field
data generally best define the extent of contamination, models can inter-
polate among and extrapolate from isolated field samples and can interpret
field data to create a more detailed description. Models also can aid the
data reduction process by providing the user with a structure for organizing

and analyzing field data.

Models applicable to site characterization can be grouped according to
their relative accuracy and their ability to depict site conditions.
Simplified models (e.g., analytical and semianalytical models) can
quantitatively estimate site conditions with relatively low accuracy and
resolution. Typically, they provide order-of-magnitude estimates (U.S. EPa,
1982a) and require that simplified assumptions be made regarding site

conditions and chemical characteristics.

More detailed numerical models (e.g., numerical computer codes) provide
greater accuracy and resolution (U.S. EPA, 1982a), because they are capable

of representing spatial variations in site characteristics and irregular
geometries commonly found at actual sites. These models can also represent
the actual configuration and effects of remedial actions on site conditionms.
Detailed mathematical models are sometimes appropriate for investigations in

which detailed information on contaminant fate and transport is required.
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Models are also useful for screening alternative remedial actions and
may be used for a detailed analysis of alternatives. Deciding whether
analytical or numerical models should be used and selecting appropriate
models for either the remedial investigation or the feasibility study can be
difficult. Detailed modeling may not be needed if site conditions are well
understood and if the potential effectiveness of different remedial actions
can be easily evaluated. In selecting and applying models, it is important
to remember that a model is an artificial representation of a physical
system and is only one way of characterizing and assessing a site. A model

" cannot replace, nor can it be more accurate than, the actual site data.

3.4.2 Baseline Risk Assessment

3.4.2.1 General Information

Baseline risk assessments provide an evaluation of the potential threat
to human health and the environment in the absence of any remedial action,
They provide the basis for determining whether or not remedial action is
necessary and the justification for performing remedial actions. Detailed
guidance on conducting risk assessments is provided in the Superfund Public
Health Evaluation Manual (SPHEM) (EPA/540/1-861060, OSWER Directive 9285.4-1,
October 1986).

In general, the objectives of a baseline risk assessment may be

attained by identifying and characterizing the following:

o Toxicity and quantity of hazardous substances present in relevant
media (e.g., air, ground water, soil, surface water, sediment, and
biota)

o Environmental fate and transport mechanisms within specific

environmental media such as physical, chemical, and biological

degradation processes and hydrogeological conditions
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o Potential exposure pathways and extent of actual or expected

exposure
[} Potential human and environmental receptors

o Extent of expected impact or threat; and the likelihood of such

impact or threat occurring (i.e., risk characterization)

o "Acceptable" levels of exposure based on regqulatory and

toxicological information

The level of effort required to'coﬂauqi a baseline risk assessment
depends largely on the complexity of the site. The goal is to gather suf-
ficient information to adequately, and as aécurateiy as possible, charac-
terize the potential risk from a site, while at the same time conduct this
asgessment as efficiently as possible. Use of the conceptual exposure model
developed and refined previously will help focus investigation efforts and,
therefore, streamline this effort. Factors that may affect the level of

effort required include:
o The number, concentration, and identity of chemicals present
o The quality and quantity of available monitoring data

o The number and complexity of exposure pathways (including the

complexity of release sources and transport media)

o The necessity for precision of the results, which in turn depends
on onsite conditions such as the extent of contaminant migration
and the proximity, characteristics, and size of potentially

exposed population(s)

o The availability of appropriate standards and/or toxicity data
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o The likelihood that no action will be the chosen alternative, If
no action is a likely choice, it is necessary that all potential
pathways and routes of exposure have been thoroughly assessed to
ensure that the site poses no threat to human health and the

environment.

3.4.2.2 Components of the Baseline Risk Assessment

The risk assessment process can be divided into four components:

Contaminant identification

Exposure assessment

Toxicity assessment

o O o o

Risk characterization

Figure 3-3 illustrates the risk assessment process and its four

components. The following provides a brief overview of each component.

Contaminant Identification. The objective of contaminant

identification is to screen the information that is available on hazardous
substances or wastes present at the site and to identify contaminants of
‘concern to focus subsequent efforts in the risk assessment process.
Contaminants of concern may be selected because of their intrinsic
toxicological properties, because they are present in large quantities, or
because they are present in potentially critical exposure pathways (e.gq.,

drinking water supply).

'~ It may be useful for some sites to select "indicator chemicals" as part
of this process. The methodoloqgy for identifying indicator chemicals is
described in the SPHEM., Indicator chemicals are to represent the most toxic
and/or mobile substances among those identified or those substances for

which the best information is available.

Exposure Assessment. The objectives of an exposure assessment are to

identify actual or potential exposure pathways, to characterize the
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potentially "exposed populations, and to determine the extent of the
exposure. Detailed guidance on'conducting exposure assgsessments is discussed

in the Superfund Exposure Assessment Manual (EPA, under development). These

objectives are attained by:

o Identifying exposure pathways
o Analyzing exposed populations
‘o Estimating expected exposure levels

Identifying potential exposure pathways helps to conceptualize how
contaminants may migrate from a source to an existing or potential point of

contact. An exposure pathway consists of four elements:
1. A source and mechanism of chemical release to the environment

2. An environmental transport medium (e.g., air, ground water) for the

released chemical

3. A point of potential contact with the contaminated medium (referred to

as the exposure point)
4. An exposure route (e.g., inhalation, ingestion) at the contact point

The first element of an exposure pathway analysis is an analysis of the
contaminant source and how contaminants may be released. This analysis in-
volves characterizing the contaminants of concern at the site and determin-
ing the amount of concentration and the mean and maximum concentrations of
each contaminant released to each environmental medium. Figure 3-4 presents

a conceptual example identifying actual and potential exposure pathways.

In the second element of exposure pathway analysis, the environmental
fate and transport of the contaminants are analyzed. This portion considers
environmental transport (e.g., ground-water migration, airborne transport);
transformation (e.g., biodegradation, hydrolysis, and photolysis); and

transfer mechanisms (e.g., sorption, volatilization). The results of these
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analyses provide information on the potential magnitude and extent of

environmental contamination.

Thq.third element identifies potential eprsure points for receptors.
To estimate the potential worst-case total risk, the locations of the
highest potential exposure concentrations for a given release source and
transport media combination should be estimated, along with the concentra-
tion of contaminants at that point. Exposure points with lower predicted
chemical concentrations and large existing potentially exposed populations

also need to be evaluated.

The fourth element of exposure pathway analysis is the identification
and description of potential exposure routes. Exposure routes describe how
a receptor can come into contact with contaminants in a specific environmen-
tal medium. Environmental media to be considered include air, ground water,
surface water, soil and sediment, and food. Exposure routes include inges- -

tion, dermal absorption, and inhalation. Procedures for estimating and cal-

culating rates of exposure are described in detail in the Superfund Exposure

Assessment Manual.

After the exposure pathway analysis is completed, the potential for
exposure to populations should be assessed. This may involve gathering
information on the frequency, mode, and magnitude of exposure. These data
are then assessed to yield a value that represents the amount of contaminat-
ed media contacted per day. This analysis should include not only identifi-
cation of currently exposed populations but also exposures that may occur
in the future if no action is taken at the site. Because the frequency of
human exposures will vary based on whether the primary use of the site is
residential, industrial, or recreational, the expected land use should be
evaluated. However, this evaluation does not require the prediction of fu-
ture development, only that the likely use (and expected exposure scenarios
on the basis of that land use) be evaluated. Part of this evaluation should
include the development of a maximum plausible exposure scenario (i.e.,
worst-case scenario) for comparative purposes during the risk management

decisionmaking process.
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The final step in the exposure assessment is to integrate the infor-
mation and develop a qualitative or quantitative estimate of the expected
exposure level(s) resulting from the actual or potential release of

contaminants from the site.

Toxicity Assessment. To assess the risks from a site, a comparison of

acceptable levels of contamination with actual levels identified during the
exposure assessment must be made. Contaminant-specific ARARs, when avail-
able, should be used to determine acceptable levels., When ARARs are not
available or ARARs represent a risk greater than 10-4, acceptable levels
should be based on concentration levels that would yield exposures less than
or equal to reference doses (RfDs) for noncarcinogens and specified risk
levels based on potency factors (ql*s) for carcinogens. The preliminary

4

goals for carcinogens will be based on the risk range of 10 © to 10-7 excess

lifetime cancer risk.

While priority will be given to the RfDs and ql*s in setting these
goals, other available values may be useful in establishing final
chemical~-specific cleanﬁp levels. Additional guidance on the use of RfDs
and ql*s for calculating acceptable concentrations in environmental media or
for determining the toxicity of substances for which RfDs or ql*s have not

been developed is provided in the SPHEM.

Risk Characterization. In the final component of the risk assessment

process, risk characterizations--the potential for adverse health or envir-
onmental effects for each of the exposure scenarios derived in the exposure
assessment--are estimated. These estimates are attained by integrating
information developed during the exposure and toxicity assessments to char-
acterize the potential or actual risk including carcinogenic risks, noncar-
cinogenic risks, and environmental risks. The final assessment should
include a summary of the risks associated with a site including each pro-
jected exposure route for contaminants of concern and the distribution of
risk across various sectors of the population. In addition, such factors as

the weight-of-evidence associated with toxicity information, the estimated
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uncertainty of the component parts, and the assumptions contained within the
estimates should be discussed.

Chitactetization of the environmental risks involves identifying the
potentiﬁl exposures to the surrounding ecological receptors and evaluating
the potential effects associated with such exposure(s). Important factors
to consider include disruptive effects to populations (both plant and

animal) and the extent of perturbations to the ecological community.

The results of the baseline risk assessment may indicate that the site
poses little or no threat to human health or the environment. In such
situations, the FS should either be scaled down as appropriate to that site
and its potential hazard or eliminated altogether. The results of the
remedial investigation and the baseline risk assessment will therefore serve
as the primary means of documenting a no-action decision. If it is decided
that the scope of the FS will be less than what is presented in this
guidance or eliminated all together, the lead agency should document this

decision and receive the concurrence of the support agency.

3.4.3 Evaluate Data Needs

As data are collected and a better understanding of the site and the
risks that it poses are obtained, the preliminary remedial action
alternatives developed during scoping should be reviewed and refined. The
available data should be evaluated to determine if they are sufficient to
develop remedial alternatives. _If they are not, additional data gathering
will be required. When sufficient data are available, preliminary remedial
response cbjectives with respect to the contaminants of concern, the areas
and volumes of contaminated media, and existing and potential exposure

routes and receptors of concern can begin to be developed as part of the FS.
3.5 DATA MANAGEMENT PROCEDURES

An RI may generate an extensive amount of information, the quality

and validity of which must be consistently well documented because this
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information will be used to support remedy selection decisions and any legal
or cost recovery actions. Therefore, field sampling and analytical procedures
for the acquig;tion and compilation of field and laboratory data are subject
to data managcpenf procedures.1 The discussion on data management procedures
is divided into three categories: field activities, sample management and

-tracking, and document control and inventory.

3.5.1 Field Activities

During site characterization and sampling, consistent documentation and
accurate recordkeeping procedures are critical because subsequent decisionmak-
ing will be based on information gathered during these tasks. Aspects of

data management for sampling activities during site characterization include:

o QA/QC Plans--These documents provide records of responsibility,
adherence to prescribed protocols, nonconformity events,

corrective measures, and data deficiencies.

o) A Data Security System--This system outlines the measures that
will be taken in the field to safequard chain-of-custody records
and prevent free access to project records, thereby gquarding

against accidental or intentional loss, damage, or alteration.

o Field Logs--The daily field logs are the primary record for field
investigation activities and should include a description of any
modifications to the procedures outlined in the work plan, field
sampling plan, or health and safety plan, with justifications for
such modifications. Field measurements and observations should be

- recorded directly into the project log books. Examples of field
measurements include pH, temperature, conductivity, water flow,

air quality parameters, and soil characteristics. Health and

1Data quality objectives will govern the data management methods used, and

the QAPP/FSP will identify both field-collected and analytical data. This
material should include sampling information, recording procedures, sample
management, and QC concerns.
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safety monitoring, sampling locations, sampling techniques, and

a general descziption.of daily activity are typically included in
the daily log. Any unusual occurrences or circumstances should be
documented in these logs and can be used for reference in determin-
ing the possible causes for data anomaiies discovered during data
analysis. AData must be recorded directly and legibly in field log
books with entries signed and dated. Changes made to original
notes should not obliterate the original information and should be
dated and signed. Standard format information sheets should be
used whenever appropriate and should be retained in permanent

files.

Documentation involved in maintaining field sample inventories and

propér chain-of~custody records may include the followinglz

Sample Identification Matrix
Sample Tag

Traffic Report

High~Hazard Traffic Report
SAS Packing List
Chain-of-Custody Form
Notice of Transmittal
Receipt for Samples Form

CRL Sample Data Report

o o 0 0o 0o o 0 o O O

Shipping Airbill

Additional information for each of these items, along with the
instructions for their completion, can be found in Section 6.2 of the

Compendium of Superfund Field Operations Methods.

1Specific requirements may vary between State- and Federal-lead sites.
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3.5.2 Sample Management and Tracking

A record of sample shipments, receipt of analytical results, submittal

of preliminafy.results for QA/QC review, completion of QA/QC review, and
evaluation of the QC package should be maintained to ensure that only final
and approved analytical data are used in the site analysis. 1In some
instances, the use of preliminary data is warranted to prepare internal
review documents, to begin data analysis while minimizing lost time for the
turnaround of QA/QC comments, and to continue narrowing remedial action
alternatives. Preliminary data are considered unofficial; however, until
the QA/QC package is complete, any preliminary data used in analysis must be
updated upon receipt of official QA/QC comments and changes. Sample results
should not be incorporated in the site characterization report unless

accompanied by QA/QC comments.

The data quality objectives stated for each task involving sample
analysis must specify whether the information is valid with qualifiers or
not and must specify which qualifiers can invalidate the use of certain
data. For instance, reproducibility of plus or minus 20 percent may be
acceptable in a treatability study but may not be acceptable for determining
the treatment for establishing a risk to human health from drinking water.
Acceptability of data quality is not established until the reviewed QA/QC

package accompanies the analytical data.

The acceptable QA/QC package should be defined in the approved site
QAPP for each discrete task. Where use of the CLP is involved, review by

the CRL QA Office is typical but may vary from one Region to the next and

may vary from one state to the next in the case of State-lead sites.
Nevertheless, the data quality objectives outlined for the use of the data

will dictate the level of review required.

3.5.3 Document Control and Inventory

Sample results should be managed in a standardized form to promote easy

reporting of data in the site characterization report. Precautions should
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be taken in-the analysis and storage of the data collected during site
characterization to prevent the introduction of errors or the loss or

misinterpretation of data.

The document inventory and filing systems can be based on serially
numbered documents. These systems may be manual or automated. A suggested
structure and sample contents of a file for Superfund activities are shown
in Table 3-11. The relationship of this filing system to the Administrative
Record is discussed in the "Administrative Record Guidance" (under

development).
3.6 COMMUNITY RELATIONS ACTIVITIES DURING SITE CHARACTERIZATION

Two-way communication with interested members of the community should
be maintained throughout the remedial investigation. The remedial project
manager and Community Relations Coordinator keep local officials and
concerned citizens apprised of site activities and of the schedule of events
by implementing several community relation activities. These actions are
usually delineated in the community relations plan and typically include,
but are not limited to, public information meetings at the beginning and end
of the remedial investigation; a series of fact sheets that will be
distributed to the community during the investigation and will describe
up-to-date progress and plans for remedialiactivities; telephone briefings
of key members of the community--public officials and representatives of
concerned citizens; and periodic news releases that describe progress at the
site.

The files containing the administrative record should be established
once the RI/FS work plan is finalized and kept at or near the site. It is
recommended that the files containing the Administrative Record be kept at
one of the information repositories for public information at or near the
site and near available copying facilities. Copies of site-related
information should be made available to the community and should typically
include the RI/FS work plan, a summary of monitoring results, fact sheets,

and the community relations plan. The objective of community relations
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. Table 3-11
OUTLINE OF SUGGESTED FILE STRUCTURE FOR SUPERFUND SITES

Congressional Inquiries and Hearings:

Correspondence
Transcripts

Testimony

Published hearing records

0O 000

Remedial Response:

o Discovery
- Initial investigation reports
- Preliminary assessment report
- Site inspection report

- Hazard Ranking System data
o Remedial planning

- Correspondence

- Work plans for RI/FS

- RI/FS reports

- Health and safety plan

- Quality assurance/quality control plan
- Record of Decision/responsiveness summary
,/

o Remedial implementation

- Remedial design reports

- Permits

- Contractor work plans and progress reports

-  Corps of Engineers agreements, reports, and correspondence
o State and other agency cocrdination

- Correspondence

- Cooperative agreement/Superfund State contract
- State quarterly reports

- Status of State assurances

- Interagency agreements

- Memorandum of Understanding with the state
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Tab;e 3-~11 (continued)

o Community relations

- Interviews

- Correspondence

- Community relations plan

- List of people to contact, e.g., local officials, civic

leaders, environmental groups

- Meeting summaries

- Press releases

- News clippings

- Fact sheets

- Comments and responses

- Transcripts

- Summary of proposed plan

- Responsiveness summary
Imagery:

o Photographs
o Illustrations
o Other graphics

Enforcement:

o Status reports .

o Cross-reference to any confidential enforcement files and the
person to contact

o} Correspondence

o Administrative orders

Contracts:

Site-specific contracts
Procurement packages

Contract status notifications
List of contractors

0000

Financial Transactions:

o Cross-reference to other financial files and the person to contact
(<] Contractor cost reports

o) Audit reports

WDR243/045
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activities during the RI is to educate the public on the remedial process
and keep the community informedAof project developments as they occur,
thereby reducing the likelihood of conflict arising from a lack of informa-
tion, misinformation, or speculation. As directed in the community rela-
tions plan, éll activities should be tailored to the community and to the

site.
3.7 REPORTING AND COMMUNICATION DURING SITE CHARACTERIZATION

During site characterization, communication is required between the
lead agency and the support agency. In addition to routine communication
between members of the lead agency and their contractor on project progress,
written communication is required between the lead agency and the support

agency as follows:

1. The lead agency should provide the draft work plan to the support

agency for review and comment.

2, The lead agency should provide information on contaminant types and

affected media to the support agency for ARAR identification.

3. The lead agency should provide a preliminary summary of site character-
ization to the support agency (this may serve as the mechanism for ARAR

identification).

4. The lead agency should provide a draft RI report for review and comment

by the support agency.

These communication requirements are discussed in the following
section. Table 3-12 summarizes the points during site characterization when

written or verbal communication is recommended.
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Table 3-12

REPORTING AND COMHUNICATION DURING SITE CHARACTERIZATION

Information Needed

Purpose

Potential Methods
of Information
Provision

Need to rescope field
activities on the basis
of results of field
observations

Need to rescope field
activities on the basis
of results of sample
‘analysis

Preliminary results of
field investigation
tasks (e.q.,
geophysical
explorations,
monitoring well
installation, etc.)

Descriptive and
analytical results

of initial site char-
acterization results
(excluding risk
assessment)

Needed only if screening
indicates that field
activities need to be
rescoped; for lead agency
and contractor to identify
methods to improve effec-
tiveness of site charac-
terization activities; for
lead agency to obtain
support agency review and
concurrence

Needed only if analysis of
lab data indicates field
activities need to be
rescoped; for lead agency
and contractor to identify
methods to improve effec-
tiveness of site charac-
terization activities;

for lead agency to obtain
support agency review and
concurrence

Provided by the contractor
to the lead agency; need
and method of
communication at lead
agency's discretion

May also be submitted to
ATSDR for use in preparing
health assessment; assists
in supporting agency with
identification of ARARs;
provides lead agency with
early summary of site data

Meeting
Tech memo
Other

Meeting
Tech memo
Other .

Tech memos
Other

Preliminary
site characteri-
zation summary
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Table 3-12 (continued)

Information Needed

Purpose

Potential Methods
of Information
Provision

Listing of
contaminants, affected
media; location of
wetlands, historic
sites, etc.

Refined remedial action
objectives

Documentation of site
characterization field
activities and analyses
including any treata-
bility testing

For support agency's use
in identifying contamin-
ant- and location-gspecific
ARARS.

For lead agency and
contractor to define the
basis for developing
remedial action
alternatives; obtain
review and comment from
the support agency

Required for members of
lead agency and their
contractor to prepare for
public comment and FS
support documentation

Preliminary
site character-
ization summary

Meeting
Tech memo
Other

Draft RI report

WDR243/018
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3.7.1 ‘Information for ARAR Identification

The information for the support agency's use in identifying ARARs
should include a description of the contaminants of concern, the affected
media, and any physical features that may help identify location-specific
" ARARs. This information may be supplied by the preliminary site character-
ization summary (as discussed below) or by a letter or other document. The
support agency shall provide location and contaminant-specific ARARs to the

lead agency before preparation of the draft RI report.

3.7.2 Preliminary Site Characterization Summary

A summary of site data following the completion of initial field sam-
pling and analysis should be prepared. This summary should briefly review
investigative activities that have taken place and should strive to provide
the lead agency with a reference for evaluating the development and screen-
ing of remedial alternatives. 1In addition, the preliminary site character-
ization summary may be used to assist the support agency in identification
of ARARs and provide ATSDR with the data (prior to issuance of the draft RI)

to assist their health assessment efforts.

The format of this summary is optional and left to the discretion of
the lead-agency RPM. The format may range from a technical memorandum,
which simply lists the locations and quantities of contaminants at the site,
to a rough draft of the first four chapters of the RI report. (see
Table 3-13).

3.7.3 Draft RI Report

A draft RI report should be produced for review by the support agency
and submitted to ATSDR for its use in preparing a health assessment. It
also serves as documentation of data collection and analysis in support of
the FS. The draft RI report can be prepared any time between the completion

of the baseline risk assessment and the completion of the draft FS.

3-53



OSWER Directive 9355.3-01

Therefore, the draft RI report should not delay the initiation or execution
of the FS.

Table 3%13 gives a suggested format for the draft RI report. The
report should focus on the media of concern and, therefore, does not need to
address all the site characteristics listed in Table 3-13; only those
appropriate at that specific site.

WDR243/016
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‘Table 3-13
SUGGESTED RI REPORT FORMAT

Executive Summary

1. Introduction
1.1 Purpose of Report
~ 1.2 Site Background

1.2.1
1.2.2
1.2.3

Site Description
Site History
Previous Investigations

1.3 Report Organization

2. Study Area Investigation
2.1 1Includes field activities associated with site
characterization. These may include physical and chemical
monitoring of some, but not necessarily all, of the following:

2.1.1

H = e
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Surface Features (topographic mapping, etc.) (natural
and manmade features)

Contaminant Source Investigations

Meteorological Investigations

Surface-Water and Sediment Investigations

Geological Investigations

Soil and Vadose Zone Investigations

Ground-Water Investigations

Human Population Surveys

Ecological Investigations

2.2 If technlcal memoranda documenting field activities were
prepared, they may be included in an appendix and summarlzed
in this report chapter.

3. Physical Characteristics of the Study Area
3.1 Includes results of field activities to determine physical
characteristics. These may include some, but not necessarily
all, of the following:

3.1.
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Surface Features
Meteorology
Surface-Water Hydrology
Geology

Soils

Hydrogeology
Demography and Land Use
Ecology
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Table 3-13 (continued)

4. Nature and Extent of Contamination
4.1 Presents the results of site characterization, both natural
chemical components and contaminants in some, but not
necessarily all, of the following media:
4,1.1 Sources (lagoons, sludges, tanks, etc.)

4.1,2 Soils and Vadose Zone

4.1.3 Ground Water

4.1,4 Surface Water and Sediments
4.1.5 Air

5. Contaminant Fate and Transport
5.1 Potential Routes of Migration (i.e., air, ground water, etc.)
5.2 Contaminant Persistence
S.2.1 If they are applicable (i.e., for organic
contaminants), describe estimated persistence in the
study area environment and physical, chemical, and/or
biological factors of importance for the media of
interest.
5.3 Contaminant Migration
5.3.1 Discuss factors affecting contaminant migration for
the media of importance {e.g., sorption onto soils,
solubility in water, movement of ground water, etc.)
5.3.2 Discuss modeling methods and results, if applicable.

6. Baseline Risk Assessment
6.1 Public Health Evaluation
6.1.1 Exposure Assessment
6.1.2 Toxicity Assessment
6.1.3 Risk Characterization
6.2 Environmental Assessment

7. Summary and Conclusions

7.1 Summary
7.1.1 Nature and Extent of Contamination
7.1.2 Fate and Transport
7.1.3 Risk Assessment

7.2 Conclusions
7.2.1 Data Limitations and Recommendations for Future Work
7.2.2 Recommended Remedial Action Objectives

Appendixes

A. Technical Memoranda on Field Activities (if available)
B. Analytical Data and QA/QC Evaluation Results
C. Risk Assessment Methods

WDR243/020
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, CHAPTER 4
DEVELOPMENT OF ALTERNATIVES

4.1 INTRODUCTION

4.1.1 Purpose of Alternative Development

The primary objective of this phase of the FS is to develop
alternatives that protect human health and the environment and encompass
a range of appropriate waste management options. Appropriate waste man-
agement options may involve, depending on site-specific circumstances,
eliminating the hazardous substances at the site, reducing hazardous
substances to acceptable levels, and preventing exposure to hazardous
substances or some combination of elimination, reduction, and exposure
prevention. Alternatives are typically developed concurrently with the
RI site characterization, with the results of one influencing the other
in an iterative fashion (i.e., RI site characterizatien data are used to
develop alternatives and screen technologies, whereas the range of
alternatives developed guides subsequent site characterization and/or

treatability studies, as appropriate).

In developing alternatives, two important activities take place.
First, volumes or areas of media are identified to which treatment and
containment actions may be applied, possibly in combination with excava-
tion, disposal, or institutional actions. The media to be treated or
contained are determined by information on the nature and extent of con-
tamination, ARARs, and risk factors. Second, the remedial action alter-
natives and associated technologies identified during project planning
(Section 2.3) and any newly identified technologies are screened to
identify those that would be effective for the contaminants and media of
interest at the site. The information obtained during these two activi-

ties is used in assembling technologies (and the media to which they
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will be applied) into alternatives for the site as a whole or a specific
operable unit. An overview of the entire FS process is presented in the

following subsections.

4.1,2 FS Process Overview

The feasibility study may be viewed (for explanatory purposes) as
occurring in three phases: the development of alternatives, the screen-
ing of the alternatives, and the detailed analysis of alternatives.
However, it is useful to note that there is no specific point at which
one phase ends and the next begins. For example, the initial configura-
tions of alternatives developed may be subsequently mocdified, refined,
or eliminated during later FS phases as additional information becomes
available on site conditions, technology performance. or the construc-
tion and operation requirements of alternatives. Furthermore, in those
instances in which circumstances limit the number of available options,
and therefore the number of alternatives that are developed, it may not

be necessary to screen alternatives prior to the detailed analysis.
4.1.2.1 Development of Alternatives

Alternatives for remediation are developed by assembling
combinations of technologies, and the media to which they would be
applied, into alternatives that address contamination on a sitewide
basis or for an identified operable unit. This process consists of six
general steps, which are shown in Figure 4-1 and briefly discussed

below:

o Develop remedial action objectives specifying the contaminants
and media of interest, exposure pathways, and remediation
goals that permit a range of treatment and containment
alternatives to be developed. The objectives developed are
based on contaminant-gpecific ARARs, when available, and

risk-related factors.
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ALTERNATIVE DEVELOPMENT
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o Develop general response actions for each medium of interest

| defining containment, treatment, excavation, pumping, or other
actions, singly or in combination, that may be taken to
-gatisfy the remedial action objectives far the site.

o Identify volumes or areas of media to which general response
actions might be applied, taking into account the requirements
for protectiveness as identified in the remedial action objec-
tives and the chemical and physical characterization of the
site.

o Identify and screen the technologie; aépiicable»to each
general response action to eliminate those that cannot be
implemented technically at the site.1 Thc-geneéal response
actions are further defined to specify remedial technology
types (e.g., the general response action of treatment can be

further defined to include chemical or biological technology
types) .

o Identify and evaluate technology process options to select a
representative process for each technology type retained for
consideration. Although specific processes are selected for
alternative development and evaluation, these processes are
intended to represent the broader range of process options

within a general technology type.

() Assemble the selected representative technologies into
alternatives representing a range of treatment and containment

.combinations, as appropriate.

llt is important to distinguish between this medium-specific technology
screening step during development of alternatives and the alternative
screening that may be conducted subsequently to reduce the number of
alternatives prior to the detailed analysis.

4-4



OSWER Directive 9355, 3-01

Pigure 4-2 provides a generic representation of this process.
Section 4.2 contains a more detailed description and specific examples
of the alternative development phase.

4.1.2.2 Screening of Alternatives

For those situations in which numerous waste management options
were appropriate and developed, the assembled alternatives should be
refined and screened to reduce the number of alternatives that will be
analyzed in detail. In addition, the alternatives are analyzed to
investigate interactions among media in terms of both the evaluation of
technologies (i.e.. the extent to which source control influences the
degree of ground-water or air-quality control) and sitewide protective-
ness (i.e., whether the alternative provides sufficient reduction of
cumulative risk from all media and pathways for the site or that part of
the site being addressed by an operable unit). On the basis of this
analysis, alternatives may be modified or refined with respect to the

technologies used or the volumes or areas of media to be affected.

The refined alternatives are evaluated on a general basis with
respect to their effectiveness, implementability, and cost to identify
the most promising alternatives which encompass an appropriate range of
waste management options. As with the use of representative technolo-~
gies, alternatives may be selected to represent sufficiently similar
alternatives; thus, .in effect, a separate analysis for each alternative
is not warranted. Elements of the screening process are described at

greater length in Chapter 5.
4.1.2.3 Detailed Analysis of Alternatives

During detailed analysis, the alternatives brought through
screening are further refined, as appropriate, and analyzed in detail
with respect to the nine evaluation criteria described in Chapter 7.
Alternatives may be further refined and/or modified through additional
site characterization or treatability studies.conducted as part of the
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RI. The detailed analysis should be conducted so that decisionmakers
are provided with sufficient information to compare alternatives with
respect to the nine evaluation criteria and to select an appropriate
remedy. Analysis activities are described in greater detail in
Chapter 7.

4.1.3 Alternative Ranges

Alternatives should be developed that will provide decisionmakers
with an appropriate range of options and sufficient information to
adequately compare alternatives against one another. 1In developing
alternatives, the range of options will vary depending on site-specific
conditions. A description of ranges for source control and ground-water
response actions that should be developed, as appropriate, are described
below.

4.1.3.1 Source Control Actions

For source control actions, the following types of alternatives

should be developed to the extent practicable:

° A number of treatment alternatives ranging from one that would
eliminate, or minimize to the extent feasible, the need for
long-term management (including monitoring) at a site to one
that would use treatment as a primary component of an

alternative to address the principal threats at the site1

° One or more alternatives that involve containment of waste
with little or no treatment but protect human health and the
environment by preventing potential exposure and/or by
reducing the mobility

- A no-action alternative

1Altematives for which treatment is a principal element could include
containment elements as well,
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FPigure 4-3 conceptually illustrates this range for source control

alternatives.

Develoﬁient of a complete range of treatment alternatives will not
be practicai in some situations. Alternatives within this range
typically will differ in the type and extent of treatment used and the
management requirements of treatment residuals or untreated wastes. For
example, for sites with large volumes of potentially low concentrated
wastes such as some municipal landfills and mining sites, an alternative
that eliminates the need for long-term management may not be reasonable
given site conditions, the limitations of technologies, and extreme
costs that may be involved. If & tull range of alternatives is not
developed, the reasons for doing so should be documented.

No-action alternatives may include some minimal actions such as
fencing, using institutional controls, or monitoring, if no action at
all is clearly not viable. 1If a no-action alternative with minimal
controls is developed, a baseline risk assessment using no-action
exposure scenarios will still need to be performed to help define

cleanup goals for different media and the site as a whole.
4.1.3.2 Ground-water Response Actions

For ground-water response actions, alternatives should address not
only cleanup levels but also the time frame within which the
alternatives might be achieved. Depending on specific site conditions
and the aquifer characteristics, alternatives should be developed that
achieve ARARs or other risk-based levels determined to be protective
within varying time frames using different methodologies. For aquifers
currently being used as a drinking water source, alternatives should be
configured that would achieve ARARs or risk-based levels as rapidly as
possible. More detailed information on developing remedial alternatives
for ground-water response actions may be found in "Guidance on Remedial
Actions for Contaminated Groundwater at Superfund Sites (DRAFT)" (U.S.
EPA, October 1986). ‘
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CONCEPTUAL TREATMENT RANGE FOR SOURCE CONTROL
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4.2 ALTERNATIVE DEVELOPMENT PROCESS

The alternative development process may be viewed as consisting of
steps that involves making successively more specific definitions of
potential remedial activities. These steps are described in the

following sections.

4.2.1 Develop Remedial Action Objectives

Remedial action objectives consist of medium-specific or operable
unit-specific goals for protecting human health and the environment.
The objectives should be as specific as possible but not so specific
that the range of alternatives that can be developed is unduly limited.
Column two of Table 4-1 provides examples of remedial action objectives

for various media.

Remedial action objectives aimed at protecting human health and the

environment should specify:

o The contaminant(s) of concern
o Exposure route(s) and receptor(s)
o An acceptable contaminant level or range of levels for each

exposure route

Remedial action objectives for protecting human receptors should express
both a contaminant level and an exposure route, rather than contaminant
levels alone, because protectiveness may be achieved by reducing expo-
sure (such as capping an area, limiting access, or providing an alter-
nate water supply) as well as by reducing coﬁtaminant levels. Because
remedial action objectives for protecting environmental receptors typi-
cally seek to preserve or restore a resource (e.g., as ground water),
environmental objective(s) should be expressed in terms of the medium of

interest and target cleahup levels, whenever possible.
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TARLE ¢-1. TYPICAL REMEDIAL ACTION OAJECTIVES, GENERAL NEGPOMSE ACTIONS, TRCHNOLOGY TYPES, AND RIANPLE PROCEAS OPTIONS FOR THE DEVELOPMENT AND SCRERNING OF TEOWMNOLOOINS
Environaantal Pemedial Action Gbjectives General hesponse Actions Resedial Tectnmology Types
Redia {from site characterisation) {for all remedial action cbiectives {tor rel actions Process Optiome
Ground Water Yor thman Nealths Mo Action/lustitutional Actions: Mo Action/Institutiossl Optiocns:
¥o action Fencing
Prevest ingestios of water Altsrnative residectial water supply Deed restrictions
baving (carcimcgamis)) 1a Monitoring
eaxcess of {NCLis)) amd o -
toul oxcess w.‘uu (for Co.tc ajnsent Actions: Contatoment Technologiess: -l
cuM grester catainsent Capping Clay cnp, systhetic nmbeane, ti-layer
thea 10 ¥ te 10 Vertical barriezs Slurry wall, sheet piltng
Collecticn/Trestaent Actions: Norisontal barriers Liners, growt injectien
Prevest ingestica of water Collection/trestment 4fscharge/
baving [mca-cercimogen(s)] s in situ groundwater treatment
encess of {WCL)s)) or Bxtraction Techmclcpteor ..
{refersnce dosels)). Individual home treatmsnt units Ground water collection/pumping Slells, subsurface er leachste csllection
Snhanced removel Solutios sining, vapor extrectiom, embanced
Yor Envirommental Protectiocu: oil recovery
Bestors ground water sgquifer Trestssst Technologies:
to [concentrationls)) for Paysical treatrmot Coagulstien/flecculatica, eil-weter separa-
{conteminast(s)). tion, eir strippisg, adsorptiom
Chenical treatment Seutral isation, precipitation, iea m
onidat ton/reduction
Is situ treatasnt Subsurface bioreclasstioa
Disposal Technologies:
Discharge to POV (after
trestasot)
Discharge to surfece
water (after treatsent)
Sotl Por Musan Neslth: o Action/Institutional Actiocas: Mo Action/Instituticsal Optioass

Prevent fagestioa/direct
comtact with soil bhaving
{won-carcinogeni{s)) 1a
excess of [refereoce
dose(s)).

Prevent airect cootact/

ln"-uon y§th soil havisg
to 10 ° excess cancer

rl& trom [carcloogen(s)].

Prevent inhalstion of

lcarcinogen(s)] posing agpess
capger risk levels of 10 ° to

Por Pavironmental Protection:
vent algratioa o
contamfpante that would
result in ground water
contaminatios in excess of
{concentration(s)) for
{coutaminant (e)).

Wo actioo
Access restrictions

Coataimment Actions:
Contaioment

Excavation/Tresteent Actions:
Excavation/treatsent/disposal
In situ treateent
Disposal excavation

Pencing
Deed restrictions

Contaiment Techmologies:
Capping
Vertical barriers
Norizontal bervriers

Surfasos controls .

Sedimsnt control barriers
Dust cootrols

Besoval Technologies:
Excavation

Trestsent Technologies:
Solidification, fization,
stabilisation, imscbiliszetion
Dewvatering
Physical trestment
Chemical treateent
Biological trestment
in situ treatment
Thersal treataent

Clay csp, systhetic sssbrane, amlti-lagyer
Slurry wall, sheet piling

Lioers, growt injectioa
Diversion/collectios, gradimg, soil
stebilisation

Coffer fams, curtainm barriers
Bevegetation, cagping

Solids excavation

Sorption, possolamic sgeats, eacwpsulstion
Belt filter press, dewatering, and drying beds
Water/solvent leaching (with subseguent
11quids treatsent)

Lime msutralisastion

Cultured aicro-organians

Surface bioreclamatioa

Iacinerstion, pyrolysis
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TBLE ¢-)
(cont inued)
Envirossentasl Ressdial Actios Gbjectives General Pesponse Actions Resedis]l Technology YTypes
Bedia {from site charectsrisatioa) {for all resedial action objectives) {for general response actions) Procesy Opt 20
Surface Water For Sumen Neelth: Mo Action/Institutional Actioms: o Action/Institutional Optiocos: :
Mo action Fencing
Prevent ingestien of water Access restrictions Deed restrictioms
heving [encl (o)) tn Monitoring
excess of || I and s total
excess qnen rj, of greater  Collection/Treatment Actions:
than 10 Surface water runotf interception/ Collection Techmologies:
treataent/dtscharge Surface controls Greding, diversion, aad ocsllecticn
Prevent ingestion of weter Trestaent Techoologies:
having [non-carcisogesis)] i» Physical trestasnt Coagulation/tlocculation, sil-wvater sapars-
excess of [NCLs] or tion, filtration, adsorption
[reference doss(s)].
Chamical trestmsut Precipitation, ion exchengs, msutralisstion,
Por Rovironmestal Protectiom: freese crystallisation bielogical treatssat,
I Biological treatmsst Aerubic and ameercbic spray irrigetioa
Restore surface water to (organics)
[asbient water quality In situ treatmest In situ precipitatiocs, 18 sito bioceclamstien
criteria] for Disposal Technologies:
{contaminant (s) ). Discharge to POTW (after
treatmant)
Sedinent For Nuzan -Hoelth: Mo Action/Institutionsl Actions: Mo Action/lsstitutionsl Opticns:
Mo action Pencing
Prevent direct costact with Acoess restrictions to Deed restrictions
ral-ut havi of Soaitoring
q‘clm’o in excess
to 10 ' amcess camoer Excavation Actione:
rul. Excavation Reaoval Technologles:
Excavation Sedimeats excevation
Por Enviroomental Protectioms Containment Yechnologiest
Cepping femoval with clay onp, msiti-lsyer, asphslt
Prevent releases of Vertical barriers Slurry wall, shest piling
{contaminant (s)] €rom Horisontal barriers Limers, grout {njectiom
sedinents thst vould result Sedisent control darriers Coffer Gams, curtais barriers, mlu
in surfece vater levels t» Excevation/Trestsent Actions: barriers
excess of (mbient water Removal/disposal
quality critertis). Removal/treatment /disposal Trestasnt Tectmologies:
Solidification, fiustioa, Sorptiom, pessolanic apants, eacepeulstios
stedilization
Devatering Sedissatation, dewatering end aryisg beds
Physical treatsent Nater/sol1ds leaching (vith subseguent
trestment)
Cheaical treatsent Neutrslisation, oxidatios, electrochesios)
reduct ion
Biological treetment Lendfarning
‘In situ trestesent Surfece bioreclamstion
Therual trestment Iociserstion, pyrolysis
Alr Por Muman Nealth: Mo Action/Institutional Actions: Mo Action/Institutionsl Optiocaos:

Prevent lnh-uluoo of
cg‘clm s)] in excess of

to 10 ’ enCess cancer
rllx.

Wo action
Access restrictions to Monitoring

Collection Actions:
Gas collection

Fencing
Deed restrictions

Removel Techoologies:
Landfill gas collection

Passive veats, sctive gas collection syste=ms
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TANLE 4-1
{continued) -
Environsental Renedial Actiocn (djectives Genersl Response Actions Renadisl Tochnology Types
Nedis {from site characterisation) {for all remedisl action cbjectives) {for gewers] response actions) Trocess Optiong
Structures Loy Mumen Fegltht ¥o Action/Institutionsl Actlions: Mo Actien/Institutionsl Optiems:
%o actiom Pencing
Prevent direct osmtect vith Acosss restrictions Deed restrictiens
q‘clnr‘an i m of Demolition/Treataent Actions:
10 Demol 1t ion/dispossl Removal Techoolojyles: - - "
risk. Decoatasinat fon Desolition Demolitien
Excavation Excavation, Ssdris remsval
Preveat migration of Trestasut Techmnologies:
{carcinogen(s)] wbich would Sol1ds processing lo.ouc M. creshing and grindiag,
result in ground vater
eaent.uucq in engyss of Solids trestacat : l.tcr luﬂm. solvemt leachiasg, steam
{nCLs} or 10 ~ to 10 ° total clesniag
excess cancer risk level.
Prevent aigration of
{carcisogen(s)] which would
result 1o sofl concentratiocns
in excess of [refereace . 2
Goee(s)].-
Por Rovircemental Protectiom:
Preveat migretion of
[contaminants] that would
result ia ground water
concentrations 18 excess of
{concsutration(e)].
Solid Wastes Por Numan Bealth: fio Action/Institutional Actiouns: So Action/Institutional Options:

Prevent ingestion/direct
ocoatact with vastes having
[nos~carcinogen(s)] im excess
of [referemce Gose(s)].

Prevest iagestion/direct
cnu‘u:t vl;’ wastes having

10 " to 10 ' emcess cancer
risk from [carcimogen(s)).

Prevent ishalstiom of
{carcinogea(s)] postieg ajpess
canger risk levels of 10 ~ to
10

Prevent aigrstion of
{cercinogen(s)] which would
semult in ground water
conceatrat { in exgees of
f"Cla) or 10 ~ to 10 ~ total
encess cancer risk levels.

No actian

Acoess restrictions to [location]

Contsimment Actioms:
Contajioment

Excavation/Treatment Actions:
Removal/disposal

Removal/treatsent/dispossl)

Fencing
Deed restrictions

Contaimment Techmologies:
Capping
Vertical barriers
Horisontal barriers

Pemoval Tectaclogles:
Excavation
Drum removal
Treatsent Technologles:
Physical treatesent

Chenical treateent

- Blological trestment
- Thersel treatasnt

Solids processisg

Clay cap, systhetic ambrenee,
Sluery wall, sbeet piling
Lisers, growt injectios

Dust coatrols

Solids excavatioa
Drus end Gebris removal

Sater/solvent leaching (vith swbseguest
1iquids treatmsnt)

Sleutrelisation

Cultured sicro-orgmmises
Incinerstion, pyrolysis, gusecus
iaciveration

Crushing end griadiag, scruemisg,
classificstion

muiti-layer
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TaBiE ¢-1
{cont {oued)
Eavirommentel Renedial Action Objectives General Response Actious femadial Technology Types
Nedia {from site cherscterisation) {for all remedisl action chjectives) (for_general respomse actions) Procese m
So11d Wastdd Por Enviromssatal Pretectice:
{cont {aued)
Prevent migratioa eof
contsminants that would
result 1o ground water
contasination 1o excess of
'mntlﬂ(l" tor
contaminant (s)) .
Liquid Wastes Yor Mumen Nealth: Mo Action/Institutional Actions: No Action/Institutional Optiocns:
No action - Fencing
Prevent ingestion/direct Access restrictions to [location} Deed restrictions
contact with wastes having
{non-carcinogen{s) | in excess Containment Actions: Contaimment Technologles:
of [reference dose(s)). Containment Vertical barriers Slurry wall
Horizsontal barriers Lisers
Prevent ingestion/direct Removal/Treatment Actions:
coptact with wastes heving Rewoval/disposal Bemoval Technologiess
10 " to 10 ' excess cencer Bulk 1iguid removal Sulk 1iguid removal
risk from [oarcinogenis)). Resoval/treatment/disposal Drum resovsl Drem removal
Trestment Technologies:
Prevest inhalation of Physical treatsent Cosgulation/flocculstion, adeccption,
{carcinogen(s)] posing agpess evaporstion, Gistillatios
cangor risk levels of 10 " to Chemical treatsent Icutr:llullu, onidation, reductiocs,
10 °, pbotolysis
Biologicel treatssnt Mercbic/enaercbic biological treatasst,
Prevent aigratioa of biotechinologies Incineratiom, pyrolyeis,
{carcinogen(s)) which would Thersal treetasnt (organice) co~disposal
result in groundwater Disposal Technologiess
mntnuog. in exgyes of Produce reuse
{NCLs) or 10 ° 20 310 ° total Discharge to POTW (after
excess cancer risk levels. trestment)
For Enwircnsental Protection:
Prevent sigrutioa of
costaminsnts that would
result in groundwater
contasinstion in excess of
cencentration(s)] for
contaminant (s)).
Sludges Yor Human Health: No Action/lnstitutional Actions: o Action/Institutional Options:

Prevent dlnet‘muct vith )
sluwdge having rcinoggy (s)
in excess of 10" to 10
excess cancer riek.

Prevent ingestion/contact
with sludge having
[noo-carcinogen(s)] in excess
of [refersnce Gose(s)}.

Mo action
Access restrictions to [location)

Contairment Actlions:
Containment

Removal/Treatment Actions:
femoval /disposal

Pencing
Dead restrictions

Containsent Technologies:
Verticsl barriers
Horiszontel barriers

Temoval Technologies:
Bulk sludge removal
Drus removal

Trestsent Technologiess
Solidification, fixetion

Slurry wall, sheet piling
Liners .

Seni-s0l1d excavation, pemping
Orum removal

Sorption, poszolamic agevts, encapsulatios
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TABLE 4-1
{continued)
Environasatal Remedisl Action (bjectives General Response Actions Pemedial Techrolegy Tooes
Nedia from site charscterisstion for all remedisl action cbjectives {for general actions Process Optiees
Slwiges Prevent aigration of Physical trestsent Presse crystallisation, ssutralisatioa,
{cont 1oued) {carcinogenis)) which would Removal/treatasat/disposal oxidstios, electrochamical raductien
result ::' m‘ ‘.nur ¢ cm‘ ‘leal 'l.rnt-nt o.u-t:r. reductien, pheutelysis
copgent B eRCess o Biologtical traetsent Asrobic/ensercdic trestusat, lend trestass
10 © to 10 Pum- ocsmcer sew biotechnologies s
risk. Thermal treatasnt (organics) Iacineration, pyrolysis, ce-Sisposal
: Dewstering Gravity thickeaing, belt filter prees,
Por Envircmmestal Protectioa: . vacvum filtratios
Disposal Technologies:
Prevent relesses of Product reuse
{contaninentis)] from sluige Landfilling {(after trectment)

that would resuit in surfece
wvater levels in excess of
{ambient water gquality
criteria].

Prevent relesses of
(contastinent(s)] from slwige
that would reselt ia

round water levels of
contanisent (s)] i excees of
comcentration(s)).
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Acceptable exposure levels for human health should be determined on
ﬁhc basis of the risk factors and contaminant-gpecific ARARs identified
during the site characterization. Contaminant levels in eazh media
should be compared with these acceptable levels. Acceptable exposure
levels should be determined on the basis of an evaluation of the

following factors:

° For carcinogens, whether the chemical-specific ARAR provides
4 to ].0.7 and whether
achievement of each chémical-specific ARAR will sufficiently

protection within the risk range of 10
reduce the total risk from exposure to multiple chemicals

o For non-carcinogens, whether the chemical-specific ARAR is
sufficiently protective if multiple chemicals are present at
the site

o Whether environmental effects (in addition to human health

effects) are adequately addressed by the ARARs

o Whether the ARARs adequately address all significant pathways
of human exposure identified in the baseline risk assessment.
For example, if the exposure from the ingestion of fish and
drinking water are both significant pathways of exposure,
application of an ARAR that is based only on drinking water
ingestion (e.g., MCLs) may not be adequately protective.

If an ARAR is determined to be protective, it should be used to
establish the acceptable exposure level. If an ARAR is not protective
(i.e., presents a risk greater than 10-4), does not exist for the spe-
cific chemical or pathways of concern, or multiple contaminants may be
posing a cumulative risk, acceptable exposure levels ghould be identi-~
fied through the risk assessment process. The Superfund Public Health

Evaluation Manual provides additional details on establishing acceptable

exposure levels when no ARARs exist.

4-17
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4.2.2 Develop General Response Actions

General response actions describe those actions that will satisfy
the remedial action objectives. These may include treatment, contain-
ment, excavation, extraction, disposal, institutional actions, or a
combination of these. Like remedial action objectives, general response

actions are medium-specific.

General response actions that might be taken at a site are
initially defined during scoping and are refined throughout the RI/FS as
a better understanding of site conditions is ghined and action-specific
ARARs are identified. In developing alternatives, combinations of
general actions may be identified, particularly when disposal methods
are strongly dependent on whether the medium has been previously
treated. Examples of potential general response actions are included in

column three of Table 4-1.

4.2.3 1ldentify Volumes or Areas of Media

During development of alternatives an initial determination is made
of areas or volumes of media to which general response actions might.be
applied. This initial determination is made for each medium of interest
on a site. Response actions for areas or volumes of media are often
refined after sitewide alternatives have been assembled to take
interactions between media into account. The refinement of alternatives

is discussed at gréater length in Chapter 5 of this gquidance document.

Defining the areas or volumes of media requires careful judgment
and should include a consideration of not only acceptable contaminant
levels and exposure routes, but also site conditions and the nature and
extent of contamination. For example, in an area with contamination
that is homogeneously distributed in a medium, discrete risk levels

-5
(e.g., 10
most rational basis for defining areas or volumes of media to which

' 10-6) or corresponding contaminant levels may provide the

4-18
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treatment, containment, or excavation actions may be applied, as
{llustrated in Figure 4-4A.

!3: gites with discrete hot spots or areas of more concentrated
contaﬁinatién, however, it may be more useful to define areas and
volumes for remediation on the basis of the site-gpecific relationship
of volume (or area) to contaminant level, as shown in Figure 4-4B.
Therefore, when areas or volumes of media are defined on the basis of
gite-gpecific considerations such as volume versus concentration
relationships, the volume or area addressed by the alternative should be
reviewed with respect to the remedial action cbjectives to ensure that
alternatives can be assembled to, as a minimum, reduce exposure to

protective levels.

4.2.4 1Identify and Screen Remedial Technologies and Process

ggtions

In this step, the universe of potentially applicable technology
types and process options is reduced by evaluating the optioﬁs with
respect to technical implementability. In this guidance document, the
term "technology types" refers to general categories of technologies,
such as chemical treatment, thermal destruction, solidification,
capping, or dewatering. The term "technology process options" refers to
specific processes within each technology type. For example, the
chemical treatment technology type would include such process options as
precipitétion, ion exchange, and oxidation/reduction. As shown in
columns four and five of Table 4-1, several broad technology types may
be identified for each general response action, and numerous technology

process options may exist within each technology type.

Technology types'inq procesé options may be identified by drawing
on a variety of sources including references developed for application
to Superfund sites and more standard engineering texts not specifically
directed toward hazardous waste sites. Some of these sources are

included in Appendix C of this document.
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FIGURE 44A. POTENTIAL GENERAL RESPONSE SCENARIOS FOR AN AREA
' WITH HOMOGENEOUSLY DISTRIBUTED CONTAMINATION

High

Volume for
removal or
treatment

(or area for
containment)

Low CONTAMINANT CONCENTRATION TARGET High

FIGURE 4-4B. POTENTIAL GENERAL RESPONSE SCENARIOS FOR AN AREA
WITH UNEVENLY DISTRIBUTED CONTAMINATION

High

Volume for
removal or
treatment

(or area for
containment)

Low High
CONTAMINANT CONCENTRATION TARGET

@ Potential General Response Action Level



FIGURE 4-3

AN EXAMPLE OF INITIAL SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS

Ground Water General Remedial Technology Process Options Description
Required for consideration by NCP.
Ty I prrra— "'
Deeds for In the aree of influence Potentially applicable
Access restrictions Deed restrictions would include resictions on wells.
Extension of existing municipal wel system Potentially appicable.
—— Ahemate water Clty water supply o o
Actons s New community wel ] New uncontaminaied wets 10 serve residera Powntialy applcable.
in the area of influence.
] Monitoring -—(Ground water monitoring ] Ongoing monitoring of wells. Potentiafly appiicable
L/ Series of wells 10 exwact contaminated Not foasible for intercepling conmaminants
B7seser 77 S il
[/ 7 Injection wells | uncontarninated Not leasible for intercepting contaminants
Extractionvinjection weils A "‘.W © "’ o m © extraction wells. in ¥actured bedrock. ™
Collection/ Subsurtace drains Interceptor trenches | Pertorated pipe in renches backdiled with Pomntialy appicable.
Discharge Oralte discharge [ Local stream | Exvacted water discharged to sream on Pontially spplcable.
4 Extracted water discharged 1 deep wel Deep aquifer not sultable for injection
injection system. of contaminants.
{ Oftaina discharge | Extracted water discharged to local POTW Povntially sppicable.
] Extracied water discharged to river offsite. Powntialy appiicable.
Compacted covered with sol) over aress
H Clay + soil | Sompected cay Potentiely appicable.
Spray cation of & ol asphat over
.{—C " l *[ Asphalt ] areas o mntamlmlioﬂ'..y.r Potentielly applcable.
installation of & concrete siab over areas
'—l' Concrete j of contamination. Pomntially sppicable.
Clay and synthetic membrane covered by soil Powntialy appicable.
_(W"‘M' cap —l over areas of contamination.
P Trench around areas of contamination Is filled Not feasible because of very shalow depth
Contalnment W/I/[/A with & s0il (or cement) bantonite slurry. © bedrock.
Pressure injection of grout in @ regular pattern Not eflective because of fractured bedrock.
7 Rvoricd a7 ) iy
[7 777 Vibrating force 10 advance beams Into the ground Not feasbie because of very shaflow depth
with ir:‘e';:tion of slurry as beam is withdrawn. o bedrock.
p 2 ’ Pressure injection of grout at depth through :
AT Promurs Hoctenof g Mot atcivsbacaune of Facared bedrock
In conjunction with vertical barriers, injection Not leasbie because of very shallow depth

Legend [ZZZZ ) - Technologies that are scresned out

— iocx aispiacarior /)

of sluny in notched injection holes.

1 bodrock.
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During this screening step, process options and entire technology
types are eliminated from further consideration on the basis of
technical implementability. This is accomplished by using readily
available information from the RI site characterization on contaminant
types and concentrations and onsite characteristics to screen out

technologies and process options that cannot be effectively implemented.

Two factors that commonly influence technology screening are the
presence of inorganic contaminants, which limit the applicability of
many types of treatment processes, and the subsurface conditions, such
as depth to impervious formations or the degree of fracture in bedrock,
which can limit many types of containment and ground-water collection
technologies. This screening step is site~specific, however, and other
factors may need to be considered. Figure 4-5 provides an example of
initial technology screening for ground-water remediation at a site
having organic and inorganic contaminants and shallow, fractured

bedrock.

As with all decisions during an RI/FS, the screening of
technologies should be documented. For most studies, a figure similar
to Figure 4-5 provides adequate information for this purpose and can be
included in the FS report. '

4.2.5 Evaluate Process Options

In the fourth step of alternative development, the technology
processes considered to be implementable are evaluated in greater detail
before selecting one process to represent each technology type. One
representative process is selected, if possible, for each technology
type to simplify the subsequent development and evaluation of
alternatives without limiting flexibility during remedial design. The
representative process provides a basis for developing performance
specifications during preliminary design; however, the specific process
actually used to implement the remedial action at a site may not be

selected until the remedial design phase. In some cases more than one
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FIGURE 4-3 (continued)

Ground Water General Remedlal Technology

Process Options
Response Actlons ’

Description

Screening Comments

See “Colection/Discharge” sbove

N izt

Subsuriace draing l I nterceptor renches ]

Collection

7] ogatatn st rgis g i

1/

Biological veawnent *//
Treatment

m:m'::m miemagenam®

Discharge

— Aheration of chemical equilibria to reduce
_] Precipitation I solubility of the contaminants

p 5 Mixing large volumes of air with water in a
W/m packed column to promote transfer of VOCs to air
[/ Carbon on ., Adsorption of contaminants onto activated carbon
142 2L 22”5'%'”("{222 by passing water through carbon column

p - Use of high pressure 10 force water through a

/A membrane leaving contaminants behind

" Contaminated water is passed through a resin bed

—[ lon exchange j where ions are exchanged betwesen resin and water
Combustion in & horizontally rotating cylinder
designed for uniform heat transfer
Wasie injected into hot agitated bed of sand where
combustion occurs

Extracted ground water discharged to local POTW
for reatment

Exnclod round water discharged 1o liscensed
ity for treatment and/or disposal

Symm ol injecion and extraction wels introduce

bacteria and nutrients 0 degrade contamination

System of wells 10 inject air imio ground water 10
remove volatiles by air stripping

Downgradient trenches backfiled with activated
carbon 10 remove contaminates from waer

Systam of injection wells to inject oxidizer such
as hydrogen peroxide 1 degrade conlaminants

1 e

POTW j

Pipeline to river ]

See Discharge under “Collection/
Discharge® above

1_| onsie discharge

Not feasible for intercepiing contaminans
In fractured bedrock.

Not feasible for intercepiing contaminants
in fractured bedrock

Potentally appiicable.

Not applicable 1 inorganic contaminants
found in ground water at the she.

Not appilicable 10 inorganic contaminants
found in ground water at the sie.

Potentally applicable.

Not applicable 10 inorganic contaminants
found in ground water at the she.

Not applicable 1 inorganic contaminants
found in ground water at the she.
Contaminant concentrations too low for
eatment

Potentaily applicable.

Not applicable 10 inorganic contaminants
found in ground water at the she.

Not sppiicable 1 inorganic

found in ground waier &t the site.
Potentaily applicable.

Potentally applicable.

Not leasbie because of frachured bedrocik.
Not feasbie because of fractured bedrack.

Not feasibie because of shellow depth © bedrock,
Wactured bedrock.

Not feasible because of fractured bedrock.

Potentally applicable.

Potentally applicable.

Deep aquifer not sultable for injection
of contaminaled water.

Potentially applicable.
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process option may be selected for a technology type. This may be done
if two or more processes are sufficiently different in their performance
or effect that one would not adequately represent the other.

Process options are evaluated using the same criteria--
effectiveness, implementability, and cost--that is used to screen
alternatives prior to the detailed analysis. An important distinction
to make is that at this time these criterig are applied only to
technologies and the general response actions they are intended to
satisfy--and not to the site as a whole. Furthermore, the evaluation
should typically focus on effectiveness factors at this stage with less

effort directed at the implementability and cost evaluation.

Because of the limited data on innovative technologies, it may not
be possible to evaluate these process options on the same basis as other
demonstrated technologies. Typically, if innovative technologies are
judged to be implementable they are retained for evaluation either as a
"selected" process option (if available information indicates that they
will provide better treatment, fewer or less adverse effects, or lower
costs than other options), or they will be "represented" by another
process option of the same technology type. The evaluation of process
options is illustrated in Figure 4-6 and discussed in more detail below.

4.2.5.1 Effectiveness Evaluation

Specific technology processes that have been identified should be
evaluated further on their effectiveness relative to other processes
within the same technology type. This evaluation should focus on:

1) the potential effectiveness of process options in handling the
estimated areas or volumes of media and meeting'the contaminant

reduction goals identified in the general response actions;1

1the ability of some collection/removal systems, such as ground-wvater
pumping, to sufficiently recover contaminated media for subsequent
treatment may also be assessed as part of this evaluation.
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AN EXAMPLE OF THE EVALUATION OF PROCESS OPTIONS

Effectiveness

Ground Water General Remedial Technology Process Options implomantabiily Coat
Response Actions
Nom I IM.M lol?ounol.dimvmedalucﬂmohhcﬂvu Nﬂmpﬂﬂobl:cﬂ None.
. Eltactiveness depends on continued future im-  Legal requirements. Negligible cost.
Access restrictions }_ Deed restrictions plementation. Does not reduce contarnination.. )
' Eftective In preventing use of contaminated Conventional construction, capinl, low
— Mm- water Clty water supply | ground water. No contaminant reduction. requires locsl approvals. ’&."‘.
natitutions! su Eftective in preventing use of contaminated Conventionsl construction, cepial, low
Actions L New community well J ground water. No contaminant reduction. requires local approvels. m
Uselul for documenting conditions. Does not Almonolmpnbbbpuwd Low capital, low
Monitoring }—{_Ground water monkoring | & R 10! by lmufhg local government. O2M.
Effective for M fracture Very difficut 0 t--re- Very high capital,
Collection/ |~ Subsurtace drains___ |~ ineroaptor venches ] « EMlectie for downgradie e e o vack. o 2+
Discharge Effective and rellable discharge method. Does . Low .
Onsite discharge —T Local stream ] * ot sliminate contamination. Discharge permits required ow &ﬂd ~
Eflective and rellable discharpe method. Does  Discharge permits required. High caphai, low
Offsite discharge l : poTw | Rl ptiadetdiimad oy OsM.
Effective and rellable discharge method. Does Discharge permits required. High capital, low
Pipeiine o river ] not efiminate contamination. OA&M.
Efective, susceptible 10 cracking. but has Easlly implamented. Low capitel, low
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2) the effectiveness of the process options in protecting human health
ahd the environment during the construction and implementation phase;
and 3) how proven and reliable the process is with respect to the
contaninaﬁ:s and conditions at the site.

Information needed to evaluate the effectiveness of technology
types for the different media includes contaminant type and concentra-
tion, the area or volume of contaminated media, and, when appropriate,
rates of collection of liquid or gaseous media. For some media it may
be necessary to conduct preliminary analyses or collect additional site
data to adequately evaluate effectiveness. This is often the case for
processes in which the rates of removal or collection and treatment are
needed for evaluation, such as for ground-water extraction,
surface-water collection treatment, or subsurface gas collection. 1In
such cases, a limited conceptual design of the process may need to be
developed, and mbdeling of the potential environmental transport
mechanisms associated with their operation may be undertaken.
Typically, however, such analyses are conducted during the later phases
of the FS when alternatives are refined and evaluated on a sitewide

basis.

If modeling of transport processes is undertaken (during either the
alternative development or screening phases of the FS) to evaluate
removal or collection technologies, and if many contaminants are present
at the site, it may be necessary to identify indicator chemicals, as is
sometimes done for risk assessments, to simplify the analysis.
Typically, indicator chemicals are selected on the basis of their
usefulness in evaluating potential effects on public health and the
environment. Commonly selected indicator chemicals include those that
are most mcbile and most toxic. The Superfund Public Health Evaluation

Manual contains more information on selecting indicator chemicals.
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4.2.5.2 Implementability Evaluation

Implomentability encompasses both the technical and institutional
feasibility of implementing a technology process. As discussed in Sec-
tion 4.2.4, technical implementability is used as an initial screen of
technology types and process options to eliminate those that are clearly
ineffective or unworkable at a site. Therefore, this subsequent, more
detailed evaluation of process options places greater emphasis on the
institutional aspects of implementability, such as the ability to obtain
necessary permits for offsite actions, the availability of treatment,
storage, and disposal services (including capacity), and the availabil-
ity of necessary equipment and skilled workers to implement the

technology.
4.2.5.3 Cost Evaluation .

Cost plays a limited role in the screening of process'options.
Relative capital and O&M costs are used rather than detailed estimates.
At this stage in the process, the cost analysis is based on engineering
judgment, and each process is evaluated as to whether costs are high,
low, or medium relative to other process options in the same technology
type. As discussed in Chapter 5, "Screening of Alternatives," the
greatest cost consequences in site remediation are usually associated
with the degree to which different general technology types (i.e.,
containment, treatment, excavation, etc.) are used. Using different
process options within a technology type usually has a lesser effect on

cost.

4.2.6 Assemble Alternatives

In assembling alternatives, general response actions and the
process options chosen to represent the various technology types for
each medium or operable unit are combined to form alternatives for the
site as a whole. As discussed in Section 4.1.2.2, appropriate treatment

and containment options should be developed. To assemble alternatives,
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general response actions should be combined using different technology
types and different volumes of media and/or areas of the site. Often
more than one general response action is applied to each medium., For
example, alternatives for remediating soil contamination will depend on
the type and distribution of contaminants and may include incineration

of soil from some portions of the site and capping of others.

For gsites at which interactions among media are not significant
(i.e., source control actions will not affect ground-water or surface-
water responses) the combination of medium-specific actions into
sitewide alternatives can be made later in the FS process, either after
alternatives have been screened or the detailed analysis has been
completed. If media interactions are not of concern, the FS may, for
example, describe three soil remediation options, four ground-water
remediation options, and three remediation of contamin&ted structures
(instead of developing 36 sitewide alternatives). These
10 medium-specific options could be screened in the following FS phase
and evaluated during detailed analysis prior to being combined into
sitewide alternatives. Although this approach permits greater
flexibility in developing alternatives and simplifies the analyses of
sitewide alternatives, it may involve greater effort in developing and

analyzing medium-specific options.

Figure 4-7 illustrates how general response actions may be combined
to form a range of sitewide alternatives. For this relatively simple
example, the two media of interest are soil and ground water. The range
of alternatives developed include: a no-action alternative
(alternative 1); an alternative that provides for treatment of all soil
contaminants to the 10.6 risk level and rapid remediation of ground
water to 10-6 risk level (alternative 2); three alternatives that
employ treatment of soil and ground water to various risk levels with
different disposal options (alternatives 3, 4, and 5); and three
alternatives that employ various levels of containment, with and without

ground-water collection and treatment (alternatives 6, 7, and 8).
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Altheugh not shown in this example, a description of each
.alternative should be included in the FS report. For the alternatives
shown in Figure 4-7, such descriptions would include the locaticns of
aroiiito be excavated or contained, the approximate volumes of soil
and/or ground water to be excavated and collected, the approximate
locations of interceptor trenches, the locations of potential city water
supply hook-ups, the locations of potential discharges to surface water
oi connections to the local POTW, management options for treatment
residuals, and any other information needed to adequately describe the
alternative and document the logic behind the assembly of general
response actions into specific remedial action alternatives. In
describing alternatives, it is important to note those process options
that were not screened out and that are represented by those described

in the alternative.
4.3 COMMUNITY RELATIONS DURING ALTERNATIVE DEVELOPMENT

Community relations activities implemented for site
characterization may also be appropriate during the development of
alternatives. Activities focus on providing information to the
community concerning the development of remedial alternatives and
obtaining feedback on community interests and concerns associated with
such alternatives. Community relations activities should be site- and
community~-specific and are usually stipulated in the community relations
plan that is prepared during scoping activities., Community relations
activities during the development of alternatives may include, but are
not limited to, a fact sheet describing alternatives identified as
potentially feasible, a workshop presenting citizens with Agency
considerations in developing alternatives, briefings of local officials
and concerned citizens on alternatives under consideration, a small
group meeting for citizens involved with the site, and news releases

describing technologies being evaluated.
I1f alternatives are being developed concurrently with the RI site

characterization, then information on the scréening of technologies and

remedial alternative development should be included in public
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information materials and activities prepared during site
characterization., If alternatives are developed after site
cha:acterization, additional community relations activities should be
conducted. In general, community relations activities during
alternative development are most appropriate if citizens are
significantly concerned over site conditions and RI/FS activities which
are being implemented at the site. The following are objectives of
community relations activities at this phase:

o Keep the community apprised of the Agency's decisionmaking

process

° Enhance citizen understanding of issues pertaining to
development, evaluation, and selection of remedial

alternatives

o Cbtain feedback from the community on any concerns they may

have with technologies and alternatives under consideration

The level of effort for community relations at this phase should be

described in the community relations plan.
4.4 REPORTING AND COMMUNICATION DURING ALTERNATIVE DEVELOPMENT

No formal report preparation is required during alternative
development except whatever routine administrative and project
management tracking methods have been designated for use by the lead
agency and their contractor(s). However, communication among the lead
and support agencies and their contractor(s) is very important during
the development of alternatives to obtain input and agreement on the
technologies or processes and alternatives considered for implementation
at the site. As shown in Table 4-2, communication should occur to
facilitate the initial screening of technologies and process options, to
agree on what additional site data may be needed, and to gain input and

agreement on the choice of representative processes and combinations
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to be used to assemble alternatives. For purposes of speed and
efficiency, the preferred approach for the exchange of information is
th:ouqh meetings. However, other approaches that facilitate effective
review and 1nput (e.g., technical memorandums for review) may be used at
the lead agency's discretion.

WDR276/012
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Table 4-2

REPORTING AND COMMUNICATION DURING ALTERNATIVE DEVELOPMENT

Information Needed

All potential tech-
nologies included
for consideration

Need for additional
field data or treat-
ability studies

Process evaluation
and alternative
development

WDR276/014

Pur@se

For lead agency and contractor
to identify potential technolo-
gies; for lead agency to obtain
support agency review and
comment

For lead agency and contractor to
determine whether more field data
or treatability tests are needed
to evaluate selected technologies;
for lead agency to obtain support
agency review and comment

For lead agency and contractor to
communicate and reach agreement
on technology screening and
alternative development; for

lead agency to obtain support
agency review and comment
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CHAPTER S
SCREENING OF ALTERNATIVES

5.1 INTRODUCTION

5.1.1 Purpose of Alternative Screening

The objective of alternative screening is to narrow the list of
potential alternatives (based on their effectiveness, implementability,
and cost) that will be evaluated in detail. This screening aids in
streamlining the feasibility study process while ensuring that the most
promising &lternatives are being considered. As discussed earlier, in
gome situations the number of viable alternatives to address site prob-
lems may be limited; thus, the screening effort may be minimized or

unecessary.

Screening is used as a tool throughout the alternative development
process to narrow the universe of options being considered. When alter-
natives are first being developed, individual technologies are screened
primarily on their ability to meet medium-specific remedial action
objectives, as well as with respect to their implementability and cost.
The remaining technologies are then assembled into alternatives designed
to meet the remedial action objectives developed for the site or
operable unit. Dependent on the number of viable alternatives initially
developed, the list of potential alternatives may need to be screened to
reduce the number of alternatives that will be analyzed in detail.

While screening alternatives, the range of treatment and containment
alternatives initially developed should be preserved to the extent it

makes sense to do so.
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5.1.2 Context of Screening

The screening of alternatives follows the conceptual development of
alternatives and precedes the detailed analysis of alternatives. Prior
to screening, technologies should be identified and combined into alter-
natives, although specific details of the alternatives may not be
defined. During screening, the extent of remedial action (e.gq.,
quantities of media to be affected), the sizes and capacities of process
options, and other details of each alternative should be further
defined, as necessary, so that screening evaluations can be conducted.
Because the FS may be comprised of many complex, interrelated, and
overlapping steps, the boundaries between the FS phases, as described
here, are often less distinct in actual practice. This three phased
discussion of the FS is used primarily to help portray more'simply the

overall process.

The scope of screening can vary substantially depending on the num-
ber and type of alternatives developed and the extent of information
necessary for conducting the detailed analysis. The scope and emphasis
of screening can also vary depending on either the degree to which the
assembled alternatives address the cémbined threats posed by the entire
site or on the individual threats posed by separate site areas or

contaminated media.

5.1.3 Screening Process Overview

Three distinct steps are typically conducted during the screening
of alternatives. First, the alternatives are further refined as
appropriate. Second, the alternatives are evaluated on a general basis
to determine their effectiveness, implementability, and cost. Third, a
decision is made, based on this evaluation, as to which alternatives
should be retained for further analysis.

Alternatives are further refined by better quantifying the areas
and volumes of media of interest and the sizes and capacities of the
process options that make up each of the alternatives. During this

phase, the remedial action objectives developed earlier for each medium
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or operable unit are revised as necessary to incorporate any new risk
asgsessment information being generated from the RI to ensure that the
alterﬁatives provide adequate protectiveness. Also at this stage, the
areas and quantities of contaminated media initially specified in the
general response actions may also be reevaluated with respect to the
effects of interactions between media. Often, source control actions
influence the degree to which ground-water remediation can be
accomplished or the time frame in which it can be achieved. 1In such
instances, further analyses may be conducted to modify either the source
control or ground-water response actions to achieve greater

cost-effectiveness in sitewide alternatives.

Using the refined alternative configurations developed above, more
detailed information about the technology process options may be
developed. This information might include data on the size and
capacities of treatment systems, the quantity of materials required for
construction, and the configuration and design requirementé for

ground-water collection systems.

Information available at the time of screening should be used
primarily to identify and distinguish any differences among the various
alternatives and evaluate each alternative with respect to its effec-
tiveness, implementability, and cost.1 Only the alternatives judged as
the best or most promising on the basis of these evaluation factors
should be retained for further consideration and analysis. Typically,
those alternatives that are screened out will receive no further consid-
eration unless additional information becomes available that indicates
further evaluation is warranted. As discussed in Section 4.2.6, for
sites at which interactions among media are not significant, the process
of screening alternatives, described here, may be applied to medium-

specific options to reduce the number of options that will either be

llt is important to avoid confusion between the screening of

technologies done during the development of alternatives (see
Section 4.2.4) and the screening of alternatives described in this
Chapter.
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combined into sitewide alternatives at the conclusion of screening or
will await further evaluation in the detailed analyses. The screening
of alternatives is shown conceptually in Figure 5-1.

5.2 ALTERNATIVES SCREENING PROCESS

5.2.1 Alternatives Definition

Before beginning screening, alternatives have been assembled pri-
marily on medium-specific considerations and implementability concerns.
Typically, few details of the individual process options have been iden-
tified, and the sizing requirements of technologie§ or remediation time
frames have not been fully characterized (except for time frames iden-
tified to develop ground-water actioﬂ alternati#és); Furthermore,
interactions among media, which may influence remediation activities,
have usually not been fully determined, nor have sitewide protectiveness
requirements been addressed. Therefore, at this point in the process,
such aspects of the alternatives must be further defined to form the
basis for evaluating and.comparing the alternatives prior to their

screening.
5.2.1.1 Specific Objectives

Alternatives are initially developed and assembled to meet a set of
remedial action objectives for each medium of interest. During screen-
ing, the assembled alternatives should be evaluated to ensure that they
protect human health and the environment from all potential pathways at
the site or those areas of the site being addressed as part of an
operable unit. 1If more than one pathway is present, such as inhalation
of airborne contaminants and ingestion of contaminants in ground water,
the overall risk level to receptors should be evaluated. If it is found
that an alternative is not fully protective, a reduction in exposure
levels for one or more media will need to be made to attain a risk level

within the target range (i.e., 10.4 to 10-7).
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FIGURE 5-1
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In refining alternatives, it is important to note that
protectiveness is achieved by reducing exposures to acceptable levels,
but achieving these reductions in exposures may not always be possible
by actually cleaning up a specific medium to these same levels. For
example, protectiveness of human health at a site may require that
concentrations of contaminants in drinking water be reduced to levels
that could not reasonably be achieved for the water supply aquifer;
thus, protectiveness could be provided by preventing exposures with the
ugse of a wellhead treatment gystem. The critical selection of how risk
reductions are to be achieved is part of the risk management

decisionmaking process.
5.2.1.2 Define Media and Process Options

Alternatives should be defined to provide sufficient quantitative
information to allow differentiation among alternatives with respect to
effectiveness, implementability, and cost. Parameters that often
require additional refinement include the extent or volume of
- contaminated material and the size of major technology and process

options.

Refinement of volumes or areas of contaminated media is important-
at some sites at which ongoing releases from the source (or contaminated
soils) significantly affect contaminant levels in other media (e.q.,
ground water), because such interactions may not have been addressed
when alternatives were initially developed by grouping medium-specific
response actions. If interactions among media appear to be important at
a site, the effect of source control actions on the remediation levels

or time frames for other media should be evaluated.

Figure 5-2 provides an example of such an analysis in which volatile
organics in soil are migrating into an underlying aquifer composed of
unconsolidated materials. Using a model of transport processes at the
site, the effect of different soil removal actions on ground-water reme-

diation (using a specified extraction scheme) could be estimated. 1In
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this example, development of alternatives that consider ground-water
actions independent of soil removal (i.e., the no~-soil-removal scenario)
could result in underestimating the achievable remediation level or
overestiﬁiting the time frame for ground-water remediation. This could
result in an overestimation of the extraction and treatment requirements
for technology processes for ground water. By evaluating soil-ground-
water interactions together, the rates and volumes of ground-water
extraction to achieve the target remediation levels can be refined more

accurately.

After the Alternatives have been refined with respect to volumes of
media. the technology process options need to be defined more fully with
respect to their effectiveness, implementability, and cost such that
differences among alfernatives can be identified. The following infor-
mation should be developed, as appropriate, for the various technology

processes used in an alternative:

o Size and configuration of onsite extraction and treatment sys-
tems or containment structures--For media contaminatéd with
several hazardous substances, it may be necessary to first
determine which contaminant(s) impose the greatest treatment
requirements; then size or configure accordingly. Similarly,
for ground-water extraction technologies at sites with
multiple ground-water contaminants, it may be necessary to
evaluate which compounds impose the greatest limits on
extraction téchnologies, either because of their chemical/
physical characteristics, concentration, or distribution in

ground water.

-] Time frame in which treatment, containment, or removal goals
can be achieved--The remediation time frame is often interde-
pendent on the size of a treatment system or configuration of
a ground-water extraction system. The time frame may be based
on specific remediation goals (e.g., attaining ground-water
remediation goals in 10 years), in which case the technology
is sized and configured to achieve this; the time frame may

also be influenced by technological limitations (such as
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maximum gsize consideration, performance capabilities, and/or
availability of adequate treatment systems or disposal
capacity).

o Rates or flows of treatment--These will also influence the
sizing of technologies and time frame within which remediation

can be achieved.

P Spatial requirements for constructing treatment or containment
technologies or for staging construction materials or

excavated soil or waste

o Distances for disposal technologies--These include approximate
transport distances to acceptable offsite treatment and
disposal facilities and distances for water pipelines for

discharge to 2 receiving stream or a POTW.

o Required permits and imposed limjitations--These include NPDES,
pretreatment, and emission control requirements; coordination
with local agencies and the public, and other legal consid-
erations. These may also encompass some action-specific as

well as location- and chemical-gpecific ARARs.

5.2.2 Screening Evaluation

Defined alternatives are evaluated against the short- and long-term
aspects of three broad criteria: effectiveness, implementability, and
cost. Because the purpose of the screening evaluation is to reduce the
number of alternatives that will undergo a more thorough and extensive
analysis, alternatives will be evaluated more generally in this phase
than during the detailed analysis. However, evaluations at this time
should be sufficiently detailed to distinguish among alternatives. 1In
addition, one should ensure that the alternatives are being compared on
an equivalent basis (i.e., definitions of treatment alternatives are
approximately at the same level of detail to allow preparation of

comparable cost estimates).
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Initially, specific technologies or process options were evaluated
brinarilg on whether or not they could meet a particular remedial action
objectiii. During alternative screening, the entire alternative is
evaluatca as to its effectiveness, implementability, and cost.

During the detailed analysis, the alternatives are evaluated
against nine specific criteria and their individual factors rather than
the general criteria used in screening. Therefore, individuals
conducting the FS should be familiar with the nine criteria at the time
of screening to better understand the direction that the analysis will
be taking.

It is also important to note that comparisons during screening are
usually made between similar alternatives (the most promising of which
is carried forward for further analysis); whereas, comparisons during
the detailed analysis will differentiate across the entire range of
alternatives. The criteria used for screening are described in the fol-

lowing sgections.
5.2.2.1 Effectiveness Evaluation

A key aspect of the screening evaluation is the effectiveness of
each alternative in protecting human heﬁlth and the environment. Each
alternative should be evaluated as to the protectiveness it will provide
and the reductions in toxicity, mobility, or volume it will achieve.
Both short- and long-term components of protectiveness should be evalu-
ated; short-term referring to the construction and implementation
period, and loné-term referring to the period after the remedial action
is complete. Reduction of toxicity, mobility, or volume refers to
changes in one or more characteristics of the hazardous substances or
contaminated media by the use of treatment that decreases the threats or

- risks associated with the hazardous material.
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5.2.2.2 Implementability Evaluation

Implementability, as a measure of both the technical and
administrative feasibility of constructing, operating, and maintaining a
remedial action alternative, is used during screening to evaluate the
combinations of process options with respect to conditions at a specific
site. Technical feasibility refers to the ability to construct,
reliably operate, and meet technology-specific requlations for process
options until a remedial action is complete; it also includes operation,
maintenance, replacement, and monitoring of technical components of an
alternative, if required, into the future after the remedial action is
complete. Administrative feasibility refers to the ability to obtain
approvals from other offices and agencies, the availability of
treatment, storage, and disposal services and capacity, and the
requirements for, and availability of, specific equipment and technical

specialists.

Determinations of an alternative not being technically feasible and
not being available will often preclude it from further consideration
unless steps can be taken to change the conditions responsible for the
determination. Often, this type of fatal flaw would have been
identified during technology screening, and the infeasible alternative
would not have been assembled. Negative factors affecting
administrative feasibility will normally involve coordination steps to
lessen the negative aspects of the alternative but will not necessarily

eliminate an alternative f;om consideration.
5.2.2.3 Cost Evaluation

Typically, alternatives will have been defined well enough before
screening that some estimates of cost are available for comparisons
among alternatives. However, because uncertainties associated with the
definition of alternatives often remain, it may not be practicable to
define the costs of alternatives with the desirable accuracy (i.e.,
+50 percent to =30 percent) used in the detailed analysis.
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Absolute accuracy of cost estimates during screening is not criti-
cal. The focus should be to make comparative estimates for alternatives
with relative accuracy so that cost decisions among alternatives will be
sustained as the accuracy of cost estimates improves beyond the
screening process. The procedures used to develop cost estimates for
alternative screening are similar to those used for the detailed analy-
sis; the only differences would be in the degree of alternative

refinement and in the sources used to develop cost components.

Cost estimates for screening alternatives typically will be based
on a variety of cost-estimating data. Bases for screening cost esti-
mates may include cost curves, generic unit costs, vendor information,
conventional cost-estimating quides, and prior similar estimates as

modified by site-specific information.

Prior estimates, site-cost experience, and good engineering
judgments are needed to identify those unique items in each alternative
that will control these comparative estimates. Cost estimates for items
common to all alternatives or indirect costs (engineering, financial,
supervision, outside contractor support, contingencies) do not normally

warrant substantial effort during the alternatives screening phase.

Both capital and O&M costs should be considered, where appropriate,
during the screening of alternatives. The evaluation should include
those 0&M costs that will be incurred for as long as necessary, even
after the initial remedial action is complete. Likewise, potential
future remedial action costs should be considered during alternative
screening to the extent they can be defined. Present worth analyses
should be used during alternative screening to evaluate expenditures
that occur over different time periods. By discounting all costs to a
common base year, the costs for different remedial action alternatives

can be compared on the basis of a single figure for each alternative.

A more detailed discussion of evaluating cost is presented in

Chapter 7.
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5.2.2.4 Innovative Technologies

Technologies are classified as innovative if they are developed
fully but lack sufficient cost or performance data for routine use at
Superfund sites. In many cases, it will not be possible to evaluate
alternatives incorporating innovative technoclogies on the same basis as
available technologies, because ihsufficient data exist on innovative
technologies. 1If treatability testing is being considered to better
evaluate an innovative technology, the decision to conduct a test should
be made as early in the process as possible to avoid delays in the RI/FS

schedule.

Innovative technologies would normally be carried through the
screening phase if there is a reason to believe that the innovative
technology will be shown to offer significant advantages. These advan-
tages may be in the form of better treatment performance or imple-
mentability, fewer or lesser adverse impacts than other available
approaches, or lower costs for similar levels of performance. A
"reasonable belief" exists if all indications f;om other full-scale
applications under similar circumstances or from bench-scale or pilot-

scale treatability testing supports the expected advantages,

5.2.3 Alternative Screening

§.2.3.1 Criteria for Screening

Alternatives with the most favorable composite evaluation of all
factors should be retained for further consideration during detailed
analysis. Alternatives selected for further evaluation should, where
practicable, preserve the range of treatment and containment techno-
logies initially developed. It is not a requirement that the entire
range of alternatives originally developed be preserved if all alterna-

tives in a portion of the range are not good viable options.

The target number of alternatives to be carried through screening

should be set on a site-specific basis in conjunction with the lead
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agency. It is expected that the typical target number of alternatives
carried through screening (including containment and no-action alterna-
tives) would not exceed 10. Fewer alternatives should be carried
through screening, if possible, while adequately preserving the range of
remedies, If the alternatives being screened are still medium-specific,
rather than addressing the entire site or operable unit, the number of
alternatives retained for each specific medium would be considerably
less than 10.

5.2.3.2 Selection of Alternatives for Detailed Analysis

Once the evaluation has been conducted for each of the alterna-
tives, the lead agency and its contractor should meet with the support
agency to discuss each of the alternatives being considered. This meet-
ing does not correspond to a formal quality control review stage but
provides the lead agency and its contractor with input from the support
agency and serves as a forum for updating the support agency with the

current direction of the FS.

The alternatives recommended for further consideration should be
agreed upon at this meeting so that documentation of the results of
alternative screening is complete; any additional investigations that

may be necessary are identified; and the detailed analysis can commence.

Unselected alternatives may be reconsidered at a later step in the
detailed analysis if similar retained alternatives continue to be evalu-
ated favorably or if information is developed that identifies an addi-
tional advantage not previously apparent. This provides the flexibility
to double check a decision that was made previously or to review vari-
ations of alternatives being considered (e.g., consideration of other
similar process options). However, it is expected that under most cir-
cumstances, once an alternative is screened out, it will not be

reconsidered for selection.
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$.2.3.3 Post-screening Tasks

The completion of the screening process leads directly into the
detailed analysis and may serve to identify additional investigations
that may be needed to adequately evaluate alternatives. To ensure a
smooth transition from the screening of alternatives to the detailed
an&lysis, it will be necessary to identify and begin verifying action-
specific ARARs and initiate treatability testing (if not done

previously) and additional site characterization, as appropriate.

Although the consideration of action-specific ARARs begins earlier
as process options are combined, the identification of action-specific
ARARs will need to be more definitive as the alternatives become better
defined. At the conclusion of screening, sufficient information should
exist on the technologies and configqurations of greatest interest so
that the lead agency can initiate discussion with the support agency on
action-specific ARARs, As with chemical-specific ARARs, action-specific
ARARs should include all Federal requirements and any State requirements
that either are more stringent than Federal ARARs or specify regquire-

ments where no Federal ARARs exist.

Once the field of alternatives has been narrowed, the technology
processes of greatest interest can be identified. At this point, the
need for treatability tests (if not identified earlier) can be deter-
mined for process options that will require additional data for detailed
analysis. Although the results of treatability testing will not be used
until the detailed analysis, they should be initiated as early in the
process as possible to minimize any potential delays on the FS schedule.
The type and scope of treatability tests depends on the expected data
requirements for detailed analysis of alternatives. Factors involved in
determining the need for and scope of treatability studies are discussed
in Chapter 6.

In some cases, the need for additional site characterization may

also be identified during the screening phase. Because the nature and

extent of contamination should be well defined by the end of the RI site
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chhracterizatipns, field investigations at this time should be conducted
only to better define the effect of site conditions on the performance
of the technology processes of greatest interest.

5.3 COMMUNITY RELATIONS DURING ALTERNATIVE SCREENING

Community relations activities implemented earlier in the RI/FS
process may be appropriate for screening. Activities should focus on
providing information to the community concerning the screening of
alternatives and on obtaining feedback on community interests and
concerns. These activities should be site- and community-specific and
are usually stipulated in the community relations plan that is prepared
during the scoping of the project. It is important to note that public
interest typically increases as the Yfeasibility study progresses; and
that the technical adequacy of a remedy does not ensure community
acceptance. Therefore, the community relations activities should be

planned and conducted to address such interest and potential concerns.

Community relations activities that may be appropriate include, but
are not limited to, briefings of local officials and concerned citizens
on alternatives under consideration, & fact sheet or workshop presenting
citizens with alternatives identified for detailed analysis, a small
group meeting with citizens involved with the site, and news releases

describing technologies being evaluated.

For some sites, it may be appropriate to combine some community
relations activitiés for screening with those for alternative develop-
ment, especially when these two FS phases are combined to streamline the
process., Presentations to the community on the screening of technolo-
gies and the development and screening of alternatives may, at times, be
grouped together logically to provids information on how alternatives

were selected for detailed analysis.

In general, community relations activities during screening are

most appropriate at sites where citizems are actively concerned over
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site conditions and remedial actions being implemented at the site. The
following are objectives of community relations activities during this

phase:

o Keep the community apprised of the Agency's decisionmaking

process

o Enhance citizen understanding of issues pertaining to the

screening and selection of remedial alternatives

o Obtain feedback from the community on alternatives under con-

sideration

The level of effort for community relations during this phase

should be described in the community relations plan.

5.4 REPORTING AND COMMUNICATION DURING ALTERNATIVE SCREENING
Coordination between the lead and support agencies is important

throughout the RI/FS process. During screening, the following key coor-

dination points are required:

o] The lead and support agencies should agree on the set of

alternatives selected for detailed analysis.

o The lead and support agencies must coordinate identification

of action-specific ARARs.
o The lead agency and its contractor are to evaluate the need
for additional investigations that may be needed prior to

conducting the detailed analysis.

Table 5-1 summarizes the communication requirements among the lead

agency, the support agency, and the FS contractor during screening.
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. Table 5-1
REPORTING AND COMMUNICATION
DURING SCREENING

Purpose

Potential Methods
of Information
Provision

Results of Alternative
Screening

Identification of
Action-Specific ARARS

Need for Additional
Investigation

WDR276/022

For lead agency and contrac-
tor to communicate and reach
agreement on alternative
screening; for lead agency
to obtain support agency re-
view and comment

For lead agency to obtain
input from the support
agency on action-specific
ARARS

For lead agency and con-
tractor to determine whether
additional investigations
are needed to evaluate
selected alternatives; for
lead agency to obtain
support agency review and
comment

5-18
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Tech Memo
Other
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Other
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Tech Memo
Other



OSWER Directive 9355,3-01

Reporting approaches should be agreed upon between the FS
contractor and the lead agency RPM. Although no formal report is
required during alternative development and screening, some form of
written documentation of the methods, rationale, and results of
alternative screening (e.g., graphical representation similar to
Figures 4-5 and 4-6 or a technical memorandum) needs to be provided to
the lead and support agencies. If a technical memorandum is prepared,
it can serve as the basis for later development of the chapter(s) in the

FS report that discusses the development and screening of alternatives.

Because the final RI/FS report may eventually be subject to
judicial review, the procedures for evaluating, defining, and screening
alternatives should be well documented, showing the rationale for each
step. The following types of information should be documented to the

extent possible:

o Chemical- and/or risk-based remedial objectives associated

with the alternative

(o] Modifications to any media-specific alternatives initially
developed to ensure that risk from multiple-pathway exposures
and interactions among source- and ground-water-remediation

strategies are addressed

o Definition of each alternative including extent of remedia-
tion, volume of contaminated material, size of major tech-
nologies, process parameters, cleanup time frames, transporta-

tion distances, and special considerations

o Notation of process options that were not initially screened

out and are being represented by the processes comprising the

alternative
° Screening evaluation summaries of each alternative

o Comparison of screening evaluations among alternatives

WDR309/039
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CHAPTER 6
TREATABILITY INVESTIGATIONS

6.1 INTRODUCTION

As discussed earlier, the phased RI/FS process is intended to better
focus the site investigation so that only those data necessary to support
the RI/FS and the décisionmaking process are collected, Data needs are
initially identified on the basis of the understanding of the site at the
time the RI/FS is initially scoped. Therefore, initial sampling and testing
efforts may be limited until a more complete understanding of the site
allows subsequent sampling efforts to be better focused. As site

information is collected during the RI and alternatives are being developed,

additional data needs necessary to adequately evaluate alternatives during

. the detailed analysis are often identified. These additional data needs may
involve the collection of site characterization data, as described in
Chapter 3, or treatability studies to better evaluate technology
performance. This chapter is intended to provide an overview qf the types
of treatability studies (i.e., bench scale, pilot scale) that may be used,
their specific purposes, and important factors that need to be considered

when contemplating their use.

6.1.1 Objectives of Treatability Investigations

The primary objectives of treatability studies are:
-] Provide sufficient data to allow treatment alternatives to be
fully developed and evaluated during the detailed analysis and

support remedial design of a selected alternative

o Reduce cost and performance uncertainties for treatment alterna-

tives to acceptable levels so that a remedy can be selected
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6.1.2 Overview of Treatability Investigations

Treatability studies to collect data on technologies identified during
the alternative development process are conducted, as appropriate, to pro-
vide additional information for evaluating technologies. The RI/FS contrac-
tor and the lead agency's RPM must review the existing site data and avail-
able information on technologies to determine if treatability investigations
are needed. As discussed earlier, the need for treatability testing should
be identified as early in the RI/FS process as possible. A decision to
conduct treatability testing may be made during project scoping if
information indicates such testing is desirable. However, the decision to
conduct these activities must be made by weighing the cost and time required
to complete the investigation against the potential value of the information
in resolving uncertainties associated with selection of a remedial action.
In some situations, the need for treatability investigations may not be
identified until later in the process and, therefore, may be postponed until
the remedial design phase.

The decision process for treatability investigations is shown concep-
tually in Figure 6-1 and consists of the following steps:

o Determining data needs

o Reviewing existing data on the site and available literature on
technologies to determine if existing data are sufficient to eval-
uate alternatives

° Performing treatability tests, as appropriate, to determine per-
formance, operating parameters, and relative costs of potential

remedial technologies

o Evaluating the data to ensure that data quality objectives are met
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6.2 DETERMINATION OF DATA REQUIREMENTS

To the extent possible, data required to assess the feasibility of
technologies should be gathered during the site characterization (e.gq.,
moisture and heat content data should be collected if incineration of an
organic waste is being considered). Because data requirements will depend
on the specific treatment process and the contaminants and matrices being
considered, the results of the site characterization will influence the
types of alternatives developed and screened, which will in turn influence
additional data needs. However, data collected during site characterization
will not always be adequate for assessing the feasibility of remedial tech-
nologies, and, in fact, the need for detailed data from treatability tests
may not become apparent until the initial screening of alternatives has been
completed. A description of data requirements for selected technologies is

presented in Table 6-1. The Technology Screening Guide for Treatment of

Contaminated Soils and Sludges (EPA, under preparation) summarizes data

needs for a larger number of available and innovative technologies. The
Superfund Innovative Technology Evaluation (SITE) program is another source
to assist with the identification of data needs and to obtain performance

information on innovative technologies.

Additional data needs can be identified by conducting a more exhaustive
literature survey than was originally conducted when potential technologies
were initially being identified. The objectives of a literature survey are

as follows:

o Determine whether the performance of those technologies under con-
sideration have been sufficiently documented on similar wastes
considering the scale (e.g., bench, pilot, or full) and the number
of times the technologies have been used

o Gather information on relative costs, applicability, removal effi-
ciencies, 0O&M requirements, and implementability of the candidate
technologies
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TABLE 6-1. TYPICAL DATA REQUIREMENTS FOR REMEDIATION TECHNOLOGIES

Technology

Thermal
Destruction

Air Stripping

Metal Hydroxide

Precipitation

In Situ Vapor
Extraction

Waste Matrix

Soils

Liquids

Ground Water

Ground Water

Soils

Example Data
Required

Moisture content

Heat value

Chlorine content
Destruction efficiency

Heat value
Concentration of metals
Destruction efficiency

Concentration of volatile
contaminants

Concentration of non-
volatile contaminants

Contaminant removal
efficiencies (obtain-
able from mathematical
models)

Metals concentration

Contaminant removal
efficiency

Sludge generation rate
and composition

Soil type

Particle size
distribution

Concentration of
volatile compounds

Presence of non-volatile
contaminants

Contaminant removal
efficiencies (usually
requires bench- or
pilot-scale work)

[(Note: Tables used in this outline are only partial examples.]
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o Determine testing requirements for bench or pilot studies, if
required

6.3 TREATABILITY TESTING

Certain technologies have been sufficiently demonstrated so that
site-gpecific information collected during the site characterization is
adequate to evaluate and cost those technologies without conducting
treatability testing. For example, a ground-water investigation usually
provides sufficient information from which to size a packed tower air
stripper and prepare a comparative cost estimate. Other examples of when
treatability testing may not be necessary include:

0 A developed technology is well proven on similar applications.

o Substantial experience exists with a technology treating well
documented waste materials. (For example, air stripping or carbon
adsorption of ground water contain organic compounds that have

been treated previously in other applications.)

o Relatively low removal efficiencies are required (e.g., 50 to

90 percent), and data are already available.

Frequently, technologies have not been sufficiently demonstrated or
characterization of the waste alone is insufficient to predict treatment
performance or to estimate the size and cost of appropriate treatment units.
Furthermore, some treatment processes are not sufficiently understood for
performance to be predicted, even with a complete characterization of the
wastes. For example, it is often difficult to predict biological toxicity
in a biological treatment plant without pilot tests. When treatment
performance is difficult to predict, an actual testing of the process may be
the only means of obtaining the necessary data. In fact, in some situations
it may be more cost-effective to test a process on the actual waste than it
would be to characterize the waste in sufficieng detail to predict perfor-

mance.
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Treatability testing performed during an RI/FS is used to adequately
evaluate a specific technology, including evaluating performance, determin-
ing process sizing, and estimating costs in sufficient detail to support the
remedy-selection process. Treatability testing in the RI/FS is not meant to
be used soley to develop detailed design or operating parameters that are
more appropriately developed during the remedial design phase.

Treatability testing can be performed by using bench-scale or pilot-
scale techniques, which are described in detail in the following sections.
However, in general, treatability studies will include the following steps:

o Preparing a work plan (or modifying the existing work plan) for
the bench or pilot studies

o Performing field sampling, and/or bench testing, and/or pilot

testing

o Evaluating data from field studies, and/or bench testing, and/or
pilot testing

(] Preparing a brief report documenting the results of the testing

6.3.1 Bench-Scale Treatability Studies

Bench testing usually is performed in a laboratory, in which compara-
tively small volumes of waste are tested for the individual parameters of a
treatment technology. These tests are generally used to determine if the
"chemistry” of the process works and are usually performed in batch (e.g.,
"jar tests”), with treatment parameters varied one at a time. Because small
volumes and inexpensive reactors (e.g., bottles or beakers) are used, bench
tests can be used economically to test a relatively large number of both
performance and waste-composition variables. It is also possible to evalu-
ate a treatment system made up of several technologies and to generate
limited amounts of residuals for evaluation. Bench tests are typically per-

formed for projects involving treatment or destruction technologies. How-



OSWER Directive 9355,3-01

ever, care must be taken in attempting to predict the performance of
full-scale processes on the basis of these tests.

Bench-scale testing is useful for a developing technology, because it
can be used to test for a wide variety of operating conditions.1 In such
cases, bench tests can also be used to determine broad operating conditions
to allow optimization during additional bench or possibly larger-scale pilot
tests to follow. ,

Bench-scale testing usually consists of a series of tests, with the
results of the previous analysis determining the next set of conditions to
evaluate. The first tests usually cover a broad range of potential operat-
ing conditions in order to narrow the conditions for subsequent tests. For
example, pH is the most important parameter for hydroxide precipitation of
heavy metals. An initial "screening" jar test might be performed in which
the pH range is varied from 7 through 12 in whole pH units. After finding a
minimum metals concentration at pH 9, additional testing could be performed
at narrower pH intervals around 9. The initial screening tests need not be
performed to the same high level of accuracy used in the final tests to pre-

dict treatment effectiveness.

Bench testing can usually be performed over a few weeks or months, and
the costs are usually only a small portion of the total RI/FS cost. Costs
for bench testing are usually significantly lower than those for pilot test-

ing for similar technologies.

Bench-gscale testing should be performed, as appropriate, to determine

the following:

o Effectiveness of the treatment alternative on the waste (note that
for some technologies bench-scale testing may not be sufficient to

make a final effectiveness determination)

1Bench tests may also be conducted for well-devéloped and documented tech-
nologies that are being applied to a new waste.

6-8



OSWER Directive 9355,3-01

o Differences in performance between competing manufacturers (e.q.,

activated carbon adsorption isotherms, polymer jar tests)

o Differences in performance between alternative chemicals (e.g.,

alum versus lime versus ferric chloride versus sodium sulfide)

- Sizing requirements for pilot-scale studies (e.g., chemical feed

systems)

o Screening of technologies to be pilot tested (e.g., sludge

dewatering)

o Sizing of those treatment units that would affect the cost of the

technology sufficiently to affect the FS evaluation process
o Compatibility of materials with the waste
6.3.1.1 Preplanning Information Needs

The preplanning information needed to prepare for a bench-scale
treatability test includes preparing and identifying test procedures; a
waste sampling plan; waste characterization; treatment goals (e.g., how
clean or resistant to leaching does the waste need to be); data requirements
for estimating the cost of the technology being evaluated (e.g., sufficient
for an order of magnitude cost estimate (i.e., +50/-30 percent)); and test

services, equipment, chemical, and analytical service procurement,

6.3.2 Pilot-Scale Treatability Studies

Pilot studies are intended to simulate the physical as well as chemical
parameters of a full-scale process, and therefore the treatment unit sizes
and the volume of waste to be processed in pilot systems greatly increase
over those of bench scale. As such, pilot units are intended to bridge the
gap between bench and full-scale and are intended to more accurately simu-

late the operation of the full-scale process than would bench~scale testing.
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Pilot units are designed as small as possible to minimize costs, yet
laigo enough to get the data required for scaling up. Pilot units are
usually sized to minimize the physical and geometric effects of test equip-
ment on treatment performance to simulate full-scale performance. Examples
of these effects include mixing, wall effects, accurate settling data, and
generation of sufficient residues (sludges, off gases, etc.) for additional
testing (dewatering, fixation, etc.). Pilot units are operated in a manner
as similar as possible to the manner of operation of the full-scale system
(i.e., if the full-scale system will be operated continuously, then the
pilot system would usually be operated continuously).

In many instances, significant time is required to make a changeover in
operating conditions of a pilot plant and get ‘a reliable result of the
change. Therefore, time and budget constraints often limit the ability to
test a large number of operating conditions. Since pilot tests usually
require large volumes of waste that may vary in characteristics, consider-
ation should be given to performing tests on wastes that are representative
of actual site conditions and full-scale operations (e.g., it may be neces-
sary to blend or spike wastes to test all waste characteristics anticipated

at the site and/or to conduct onsite tests using mobile laboratories).
6.3.2.1 Preplanning Information Needs

In addition to the preplanning requirements for bench-scale tests,

information needed to prepare for a pilot-scale treatability test includes:

o Site information that would affect pilot-test requirements (i.e.,

waste characteristics, power availability, etc.)
o Waste requirements for testing (i.e., volumes, pretreatment, etc.)
° Data requirements for technologies to be tested

Because substantial quantities of material . may be processed in a pilot

test and because of the material's hazardous characteristics, special pre-
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cautions may be required in handling transport and disposal of processed
wvaste. It may be necessary to obtain an agreement with a local sewer
authority or cognizant State agencies or to obtain an NPDES permit for off-
site diléharge of treated effluent. Solid residuals must be disposed of
properly offgsite or stored onsite to be addressed as part of the remedial

action.
6.4 BENCH VERSUS PILOT TESTING

Alternatives involving treatment or destruction technologies may
require some form of treatability testing, if their use represents
first-of-its-kind applications on unique or heterogeneous wastes.

Once a decision is made to perform treatability studies, the RI/FS
contractor and lead agency remedial project manager will have to decide on
the type of treatability testing to use. This decision must always be made
taking into account the technologies under consideration, performance goals,

and site characteristics.

The choice of bench versus pilot testing is affected by the level of
development of the technology. For a technology that is well developed and
tested, bench studies are often sufficient to evaluate ﬁerformance on new
wastes. For innovative technologies, however, pilot tests may be required
since information necessary to conduct full-scale tests is either limited or

nonexistent.

Pilot studies are usually not required for well-developed technologies,
except when treating a new waste type or matrix that could affect the physi-
cal operating characteristics of a treatment unit. For example, incinera-
tion of fine sands or clay soils in a rotary kiln that has been developed
for coarser solids can result in carryover of fine sands into the secondary

combustion chamber.

During the R1/FS process, pilot-scale studies should be limited to
situations in which bench-scale testing or field sampling of physical or
chemical parameters provide insufficient information from which to evaluate

an
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alternative (e.g., it is difficult to evaluate the ability of a rotary kiln
incinerator to handle a new waste matrix using a bench-scale test). Pilot-
scale tests may also be required when there is a need to investigate
secondary effects of the process, such as air emissions, or when treatment
residues (sludge, air emissions) are required to test secondary treatment

processes.

Because of the time required to design, fabricate, and install pilot-
scale equipment and to perform tests for a reasonable number of operating
conditions, conducting a pilot study can add significant time to the RI/?S
schedule and can be quite coqtly._ The decision to perform a pilot test
should, therefore, be considered carefully and made as early in the process

as possible to minimize potenﬁial delays of the FS.

To determine the need for pilot testing, the potential for improved
performance or savings in time or money during the implementation of a tech-
nology should be balanced against the additional time and cost for pilot
testing during the RI/FS. Technologies requiring pilot testing should also
be compared to technologies that can be implemented without pilot testing.
Innovative technologies should be considered if they offer the potential for
more permanent treatment, destruction of the waste, or significant savings

in time or money required to complete a remedial action.

The final decision as to how much treatability testing (or collection
of additional data of any kind) should be undertaken must balance the value
of the additional data against increased cost, schedule delay, and level of
allowable uncertainty in the remedy~selection process. Generally, one of

the following choices must be made:
o Collect more data using treatability testing

o Provide additional safety factors in the remedial design to

accommodate some uncertainties

o Proceed with the remedy selection, accepting the uncertainty and

the potential cost and performance consequences
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The final decision may also be a combination of several of these
choices. The lead agency's RPM must base the decision upon the character-
istics of the site, the cost of the studies, and the uncertainties of pro-~

ceeding without them.

Table 6-2 provides a comparison between bench and pilot studies, and
Table 6-3 shows examples of bench and pilot testing programs.

6.4.1 Testing Considerations

Shipment of substantial --~lumes of contaminated material from a site
for testing can prove to be ¢ Iicult; residual material not consumed in
testing will need to be disposed of safely, and the disposal must be ade-
quately documented. Therefore, the volume of materials to be tested offsite

should be minimized to avoid related problems,

A second testing consideration is the possible difficulty of getting a
representative sample of waste for treatability testiné. For example,
although ground-water samples collected from monitoring wells during site
characterization may be available for testing treatment technologies, separ-
ate extraction wells may need to be used to produce the required ground-
water flow patterns during remedial actions. Consequently, because the
characteristics of ground water from extraction wells may be different from
monitoring wells, representative waste samples may be unavailable until
extraction wells are installed and pumped. Samples sufficient for bench
testing'can be collected from monitoring wells, if allowances are made for
potential differences in the composition of wastes to be derived from
extraction wells. While pilot testing may require volumes of waste greater
than can be collected from monitoring wells--unless monitoring wells are
sized sufficiently--pilot tests can be performed on water produced from
" extraction wells during pump testing and before the remedial action begins.
A similar concern arises when trying to obtain representative samples for
testing the treatment of contaminated soil. Since the soil characteristics
will vary both horizontally and vertically on the site it may not be
possible to obtain a sample that fully represents full-scale conditions

without blending or spiking.
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'BENCH AND PILOT STUDY PARAMETERS

Parameter

Bench

Pilot

Purpose

Size

Quantity of Waste and
Materials Required

Number of Variables That
Can Be Considered

Time Requirements

Typical Cost Range

Most Frequent Location

Limiting Considerations

Define process kinetics, material
compatibility, impact of environ-
mental factors, types of doses of
chemicals, active mechanisms, etc.
Laboratory or bench top

Small to moderate amounts

Many

Days to weeks

0.5-2% of capital costs of remedial

action
Laboratory

Wall, boundary and mixing effects;
volume effects; solids processing
difficult to simulate, transporta-
tion of sufficient waste volume

Define design and operation
criteria, materials of construc-
tion, ease of material handling

and construction, etc.

1-100% of full scale

Relatively large amounts
Few

Weeks to months

2~-58% of capital costs of remedial
action

Onsite

Limited number of variables;
large waste volume required;
safety, health, and other risks;
disposal of process waste
material

WDR309/035
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TABLE 6-3. EXAMPLES OF BENCH- AND PILOT-SCALE TESTING PROGRAMS

Remedial Technology

Example Testing Programs

A.

D'

Air Pollution and Gas Migration

Control
1. Capping
2. Dust Control

3.

Vapor Collection and
Treatment (carbon
adsorption, air stripping,
etc.)

Surface Water Controls

1.
2.
3.
4.

Capping

Grading

Revegetation

Diversion and Collection

Leachate and Ground-Water
Controls

1.

5.

Containment barriers
(slurry walls, grout
curtains, etc.)
Ground-water pumping (well
points, suction wells,
etc.)

Subsurface collection
drains

Permeable treatment beds
(limestone, activated
carbon)

Capping

Direct Waste Control

1.
2.
3.

Thermal Treatment
Solidification/Stabilization
Biological Treatment
0 Activated sludge

© Facultative lagoons
o Trickling filters
Chemical Treatment

o Oxidation/reduction
o Precipitation

o Neutralization

o Ion exchange resins
Physical Treatment

. o Carbon adsorption

o Flocculation
o Sedimentation

Bench: Soil density and bearing
capacity vs. moisture content
curves for proposed capping
materials

Pilot: In-place soil densities;
determination of gas withdrawal
rates to control releases

Bench: Column testing of capping
material compatibility with
wastes present

Pilot: 1In-place testing of
geotextiles for control of erosion
in grassed diversion ditches

Bench: Determination of basicity
and headloss vs. grain size of
limestone materials for a
treatment bed; determination of
chemical compatibility of a
compacted clay with a leachate
stream

Pilot: 1In-place testing of a soil-
type and grain-size specification
and tile-drain configuration for a
subsurface collection drain

Bench: Characterization of
chemical and heat content of haz-
ardous waste mixes; chemical,
physical, and biological treat-
ability studies to define rate
constants, minimal-maximal loading
rates and retention times, optimal
pH and temperature, sludge genera-
tion rates and characteristics,
and oxygen transfer characteris-
tics; chemical type and dose
rates; solids flux rate vs. solids
concentration in sludge thickening
systems; air/volume ratios for
stripping towers
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Table 6-3
(Continued)

Remedial Technology

Example Testing Programs

6.

OOOOgOOOO

o

o

Membrane processes

Dissolved air flotation

Air stripping

Wet air oxidation

Situ Treatment

Vapor Extraction

Soil flushing
icrobial degradation

Neutralization/

detoxification

Precipitation.

Nitrification

7. Lland Disposal (landfill,
land application)

E. Soil and Sediment Containment
and Removal
1. Excavation
2. Dredging
3. Grading
4. Capping
5. Revegetation

Pilot: Test burns to determine
retention time, combustion~chamber
and after-burner temperatures,
destruction and removal efficiency,
and fuel requirements for the
incineration of a waste; endurance
performance tests on membranes in
reverse~-osmosis units for ground-
water treatment; in situ microbial-
degradation testing of nutrient-
dose and aeration rates to support
in~-place degradation of underground
leak; evaluation of in-place mixing
procedures for the solidification
of a sludge in a lagoon

Bench: Determination of soil=-
adsorptive (cation exchange
capacity) properties and chemical
composition

Pilot: Small-scale dredging to
assess sediment resuspension or
production rates

WDR309/036
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6.4.2 Data-Quality Objectives

The data quality required for analytical results of treatability tests
is a key concern since it greatly affects the cost and time required for the
analyses. ﬂnalytical levels and corresponding levels of quality are dis-
cussed in Chapter 2 of this quidance (Figure 2-3).

Since the results of bench and pilot studies are used to support selec-
tion of a remedial alternative, results of such studies will support the ROD
and become part of the Administrative Record. Furthermore, results of
treatability testing may also be used on other sites with similar charac-
teristics. Therefore, procédures followed in testing will need to be well
documented. Sampling and analyses for tests used to develop predictive
results will need to be performed with the same level of accuracy and care
that was used during the site characterization. Because cost and time
required for analyses increase significantly with increased quality, poten-
tial savings can be derived by carefully determining the level of data qual-

"ity required for the analytical level to be used.

Table 6-4 presents the data quality usually required for the various
analyses that may be performed during treatability investigations. Bench-
and pilot-scale testing require some moderate and some high-quality data.
Sufficient high-quality data are needed to document treatment performance of
the technologies considered for further evaluation as well as those dropped

from consideration.
6.5 TREATABILITY TEST WORK PLAN

Laboratory testing can be expensive and time consuming. A well-written
work plan is a necessary document if a treatability testing program is to be
completed on time, within budget, and with accurate results. Preparation of
a work plan provides an opportunity to mentally run the test and review com-
ments prior to starting the test. It also reduces the ambiguity of communi-
cation between the lead agency's RPM, the contractor's project manager, the
technician performing the test, and the laboratory technician performing the

analyses on test samples. The work plan, which may be an amendment to the
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DATA QUALITY FOR TREATABILITY INVESTIGATIONS

Bench/Pilot Data

Testing to optimize
operating conditions

Monitoring

Predesign sizing

Establish design
criteria establishing
standards documenting
performance in treat-
ability studies to
screen alternatives

Analytical
-Lavel Pield Data

level 11/ Peasibility

Level III screening

Level IV/ Enforcement related

Level V evaluations and
recommendations
of alternatives

WDR309/037/1
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original work plan, if the need for the treatability tests was not
identified until later in the process, or a separate one specifically for
this phase. Regardless, the work plan should be reviewed and approved by
the lead agency's RPM. The RPM and RI/FS contractor should determine the
appropriate level of detail for the work plan since a detailed plan is not
always needed and will require time to prepare and approve. In some
situations the original work plan may adequately describe the treatability
tests and a separate plan is not required (e.g., the need for treatability
testing can be identified during the scoping phase if existing information
is sufficient). Section 2.4 and Appendix B-2 provide additional information

on work plan preparation.

6.5.1 Bench~Scale Treatability Work Plan

Table 6-5 provides a suggested work plan format for bench-scale test-
ing; the various sections of the recommended format for the work plan are
described below.

o] Project Description and Site Background--Briefly describe the site

and the types, concentrations, and distributions of contaminants
of concern (concentrating on those for which the technology is

being considered).

o Remedial Technology Description--Give a brief descriptidn of the

technology(ies) to be tested.

o Test Objectives--Describe the purpose of the test, the data that
are to be collected from the bench test, and how the data will be

used to evaluate the technology.

o Specialized Equipment and Materials--Describe unique equipment or

reagents required for the test.

o Experimental Procedures--List specific steps to be performed in

carrying out the bench test; include volumes to be tested, des-

criptions of reactors to be employed, and materials needed (i.e.,
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TABLE 6-5. SUGGESTED FORMAT FOR BENCH=-SCALE WORK PLAN

1. Project Description and Site Background
2. Remediation Technology Description

3. Test Objectives

4. Specialized Equipment and Materials

S. Laboratory Test Procedures

6. Treatability Test Plan Matrix and Parameters to Measure
7. Analytical Methods

8. Data Management

9. Data Analysis and Interpretation

10. Health and Safety

11, Residuals Management

WDR309/037/2
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transfer by graduated cylinder 500 ml of waste to a 600 ml boro-
silicate glass beaker). Specify the accuracy of measurements by
specifying standard laboratory glassware (i.e., a graduated
cylinder has 5 percent accuracy but a pipet is 1 percent);
describe steps sequentially; and describe how samples are to be
taken for analysis, which containers are to be used, which

preservatives, etc.

Treatability Test Plan--Include the variable conditions that are

to be tested (e.g., a combination of 4 pH units and 5 doses of a
chemical would produce 40 discrete tests [if replicated]);
include parameters to be measured if they vary for different test

conditions.

Analytical Methods--The analytical method is dependent on test

objectives, technology, waste, and other site factors. Survey
available analytical methods and select the most appropriate.
Describe analytical procedures or cite and reference standard pro-
cedures to be employed; define the level of accuracy needed for
each of the analyses; perform initial testing to roughly determine
optimal opérating conditions; and use moderately accurate analy-
tical techniques or analyses of only one or a few indicator com-
pound(s) to greatly reduce the time and cost of these initial
tests. After achieving best treatment, perform more complete and
accurate testing to confirm the earlier results. Most bench tests
require results in short order to allow varied test runs. Bench
tests remote from the analyzing laboratory are difficult; there-
fore, analyze the duplicate final or check samples by the CLP, if

necessary.

Data Management--Testing procedures must be well documented, using

bound notebooks, photographs, etc.; provisions need to be made for
making backup copies of critical items of data. Describe the
parameters to be measured, accuracy that the results are to be
recorded to, and how these are to be recorded. Prepare a sample
data sheet to be used in the bench test; include procedures to be

employed to ensure that the results are protected from loss.
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-] Data Analysis and Interpretation--Describe in detail the proce-

-sdures to be followed ;o reduce raw analytical data to a form use-
£ul for interpretation. The most helpful are methods of graphical
interpretation based on known physical or chemical phenomena, or
common practice (e.g., plotting concentrations of metal remaining

in solution versus pH or chemical dosage).

o Health and Safety--Modify the site health and safety plan as

needed to account for waste handling and onsite testing opera-

tions.

o Residual Management--Describe the types of residuals anticipated

and how they will be disposed of.

6.5.2 Pilot Scale Treatability Work Plan

Table 6-6 contains a suggested work plan format. Although many of the
sections are similar to those of the bench-scale work plan format, differ-

ences between the two are discussed below.

o  Pilot Plant Installation and Startup--For onsite pilot studies,

describe the equipment required and method to be employed to get
the equipment onsite and installed for the test period.

-] Pilot Plant Operation and Maintenance Procedures--Describe the

specific conditions under which the pilot test will be conducted.
Pilot plants are normally run with relatively large volumes of
waste to simulate full-scale operation and, therefore, usually
have to provide that waste characteristics are measured and oper-
ating controls are adjusted (i.e., chemical feed rates) to match
instructions for startup and shutdown of the pilot plant; this
needs to be included in the procedures list.

o Parameters to be Tested--List the operating conditions under which

the pilot units are to be tested and the variations in control
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®TABLE 6-6. SUGGESTED FORMAT FOR PILOT-SCALE WORK PLAN

1. . Project Description and Site Background
2. Remedial Technology Description

3. Test Objectives

4. Pilot Plant Installation and Startup

S. Pilot Plant Operation and Maintenance Procedures
6. Parameters to be Tested

7. Sampling Plan

8. Analytical Methods

9. Data Management

10. Data Analysis and Interpretation

11. Health and Safety ‘

12. Residuals Management

WDR309/037/3
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parameters are to be evaluated (e.g., chemical feed rates or pH
set pdints in a chemical precipitation test, or combustion tem-

perature or gas residence time for an incinerator test).

o Sampling Plan--Describe locations and a schedule for samples to be

taken from the pilot plant to determine performance; readings from
in-line instruments, such as pH probes and sampling methods, con-

tainers, preservative, labeling, etc., should be included.

o Health and Safety Plan--Health and safety concerns are more criti-

cal during pilot tests because larger amounts of waste are
involved and equipment is more complex. Equipment design and con-
struction must comply with applicable code requirements.

6.6 APPLICATION OF RESULTS

6.6.1 Data Analysis and Interpretation

Following the completion of the treatability testing, results are
reduced to a useful form according to the work plan. Data are interpreted
on the technology's effectiveness, implementability, or cost, and antici-
pated results are compared with actual results. Graphical techniques are
frequently used to present the results. Note that the level of reliability.
of the test results is usually based on the accuracy of the analytical

methods employed.

Major differences between the anticipated and actual results may neces-
sitate a modification of the work plan and retes;ing‘of the technology. 1In
addition, raw-waste and effluent characteristics as well as by-products and
emissions are evaluated to predict the ability of a full-scale unit to
respond to variations in waste composition and meet performance

requirements.

6.6.2 Use of the Results in the RI/FS Process

The purpose of the treatability evaluation is to provide information

needed for the detailed analysis of alternatives and to allow selection of a
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remedial action to be made with a reasonable certainty of achieving the
rehponse cbjectives. All results are useful, even negative ones, because
they can be used to eliminate technologies for further consideration. The
results of bench and pilot tests can be used to ensure that conventional and
innovative treatment or destruction technologies can be evaluated equally
with non-treatment alternatives during the detailed analysis phase of the
FS. Secondary use of treatability results provides information for the sub-
sequent detailed design of the selected remedial technology. Operating con-
ditions must be carefully and completely documented so that this useful

information can be used in the full-scale system.

The characteristics of residuals from the remedial technology should be
~determined during pilot testing. This information is useful in determining
how the residuals can be handled or disposed and in predicting the effects
of their disposal or emission. Information can often be collected to deter-
mine if the residuals should be considered hazardous wastes or disposed of

as a non-hazardous waste.

6.6.3 Scaling up to Full-Scale Testing

The study findings need to be evaluated for application of the technol-
ogy at full-scale; the limitations of the bench or pilot scale of the test
(size, wall, and boundary effects, etc.) need to be compensated for. Scale-
up can be done on the basis of either previous experience with the treatment
equipment with other wastes or established rules of similitude (used to
relate physical laws to variations in scale) and mathematical models. This
evaluation should include a sensitivity analysis to identify the key
parameters and unknowns that can affect a full-scale s§stem. In the case of
innovative technologies, full-scale systems may not be in wide use. The
potential need for process modifications during design or operation must be

considered.
6.7 COMMUNITY RELATIONS DURING TREATABILITY INVESTIGATIONS

Treatability testing is potentially controversial within a community

and, therefore, additional community relations activities may be required.
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An assessment of issues and concerns the community may have about planned
treatability testing should be conducted. The assessment should augment the
previously prepared community relations plan (if treatability testing were
not part of the original work plan) and should include a discussion of any
issues unique to the proposed testing such as onsite pilot testing, trans-
porting contaminated materials offsite, schedule changes resulting from
conducting bench or pilot tests, disposal of residuals, uncertainties
pertaining to innovative technologies, and the degree of development of the
technology being tested.

Additional community relations implementation activities may be recom-
mended in the assessment and may include a public meeting to explain the
proposed bench or pilot test, a fact sheet describing the technology and
proposed test, a briefing to public officials about the treatability
studies, and small group consultations with members of the community con-
cerned about EPA's actions at the site. Other community relations activi-
ties may be needed, and consultations between the lead agency's project
manager and the community relations coordinator should be used to establish

the appropriate community relations activities.
6.8 REPORTING AND COMMUNICATION DURING TREATABILITY INVESTIGATIONS

Deliverables for the treatability investigations are listed in
Table 6-7 and include the following:

o Revised work plans, as necessary, including bench and/or pilot

tests
o Revised QAPP/FSP, as necessary
o Test results and evaluation report
The treatability test evaluation report should describe the testing
that wés performed, the results of the tests, and an interpretation of how

the results would affect the evaluation of the remedial alternatives being

considered for the site. Effectiveness of the treatment technology for the
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TABLE 6-7. REPORTING AND COMMUNICATION DURING TREATABILITY INVESTIGATIONS

Information Needed

Purpose

Need for Treatability
Testing

Approval of Site
Data Collection or
Treatability Testing

For lead agency and contrac-
tor to determine whether
more cost and performance
data are needed to evaluate
alternatives and select
remedy; for lead agency to
obtain support agency review
and comment

Obtain lead agency approval
of treatability activities

Potential Method
for Information
Provision

Meeting
Tech Memo -

QAPP (revised)

FSP

Treatability
Study Work Plan

WDR309/034
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wastes on the site shoﬁld be presented. This report should also contain an
evaluation of how the test results would affect treatment costs developed
during the detailed analysis of alternatives (e.g., chemical requirements or
settling rates required for effective treatment). The report may often be
used by other EPA and contractor staff to provide information for use on
sites with similar characteristics.

WDR309/034
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CHAPTER 7
DETAILED ANALYSIS OF ALTERNATIVES

7.1 INTRODUCTION

7.1.1 Purﬁose of the Detailed Analysis of Alternatives

The detailed analysis of alternatives is the analyses and
presentation of the relevant information needed to allow decisionmakers
to select a site remedy, not the decisionmaking process itself. During
the detailed analysis, each alternative is assessed against the nine
evaluation criteria described in this chapter. The results of this
assessment are arrayed such that comparisons can be made among alter-
natives and the key tradeoffs among alternatives can be identified.
This approach to analyzing alternatives is designed to provide
decisionmakers with sufficient information to adequately compare the
alternatives, select an appropriate remedy for a site, and demonstrate

satisfaction of the statutory requirements in the ROD.

The specific CERCLA requirements that must be addressed in the ROD
and supported by the FS report are listed below:

o Be protective of human health and the environment

o Attain ARARs (or provide grounds for invoking a waiver)

o Be cost-effective

o Use permanent solutions and alternative treatment technologies

or resource recovery technologies to the maximum extent

practicable
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Satisfy the preference for treatment that reduces toxicity,
mobility, or volume as a principal element (or provide an

explanation in the ROD as to why it does not)

In addition, CERCLA places an emphasis on evaluating long-term

effectiveness and related considerations for each of the alternative

remedial actions. These statutory considerations include:

A)

B)

C)

D).

E)

F)

G)

the long-term uncertainties associated with land disposal;

the goals, objectives, and requirements of the Solid Waste
Disposal Act;

the persistence, toxicity, and mobility of hazardous
substances and their constitﬁents, and their propensity to

biocaccumulate;

short- and long-term potential for adverse health effects from

human exposure;
long-term maintenance costs;

the potential for future remedial action costs if the

alternative remedial action in question were to fail; and

the potential threat to human health and the environment
associated with excavation, transportation, and redisposal, or

containment.

Nine evaluation criteria have been developed to address the CERCLA

requirements and considerations listed above as well as additional tech-

nical and policy considerations that have proven to be important for

selecting among remedial alternatives. These evaluation criteria serve

as the basis for conducting the detailed analyses during the FS and for
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subsequently selecting an appropriate remedial action. The evaluation

criteria and associated statutory considerations are:

Short-term effectiveness (D,G)

Long-term effectiveness and permanence (A,C,D)
Reduction of toxicity, mobility, or volume (C)
Implementability

Cost (E,F)

Compliance with ARARs (B)
Overall protection of human health and the environment

State acceptance

0O 0 0o 0o 0o o 0 O ©

Community acceptance

7.1.2 The Context of Detailed Analysis

The detailed analysis of alternatives follows the development and
screening of alternatives and precedes the‘actual selection of a remedy.
As discussed in Chapters 4 and 5, these phases may overlap, with one
beginning before another is completed, or they may vary in the level of
detail based on the complexity or scope of the problem. The extent to
which alternatives are analyzed during the detailed analysis is
influenced by the available data, the number and types of alternatives
being analyzed, and the degree to which alternatives were previously

analyzed during their development and screening.

The evaluations conducted during the detailed analysis phase build
on previous evaluations conducted during the development and screening
of alternatives. This phase also incorporates any treatability study
data and additional site characterization information that may have been

collected during the RI.

The results of the detailed analysis provide the basis for
identifying a preferred alternative and preparing the'proposed plan.
Upon completion of the detailed analysis, the FS report, along with the

proposed plan, is submitted for public review and comment. The results
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of the detailed analysis serve to document the evaluations of

alternatives and provide the basis for selecting a remedy.

7.1.3 Overview of the Detailed Analysis

A detailed analysis of alternatives consists of the following

componernts:
o Further definition of each alternative, if appropriate, with
respect to the volumes or areas of contaminated media to be

addressed, the technologies to be used, and any performance

requirements associated with those technologies

o] An assessment and a summary of each alternative against the

nine evaluation criteria

o A comparative analysis among the alternatives to assess the
relative performance of each alternative with respect to each
evaluation criterion

Figqure 7-1 illustrates the steps in the detailed analysis process.

7.2 DETAILED ANALYSIS OF ALTERNATIVES

7.2.1 Alternative Definition

The alternatives that remain after screening may need to be refined
more completely prior to the detailed analysis. Alternatives have
already been defined during the development and screening phases (see
Section 5.2.1) to match contaminated media with appropriate process
options; this matching is done by identifying specific remedial response
objectives (e.g., a risk-based cleanup target such as 1x10-6) and sizing
process options to attain the objective (e.g., 10 groundwater extraction
wells extracting 50 gpm each, activated carbon treatment for 500 gpm).

During the detailed analysis, each alternative should be reviewed to
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determine if additional definition is required to apply the evaluation
criteria consistently and to develop order-of-magnitude cost estimates
(i.e., having a desired accuracy of +50 percent tc -20 percent). The
following illustrate situations in which additional alternative

definition is appropriate:

o The assumed sizing of the process option must be revised on
the basis of results of treatability data (e.g., a taller air
stripping tower with more packing is required to attain the

treatment target).

o A different process option should be used to represent the
technology type on the basis of the results of treatability
data (e.g., activated carbon rather than air stripping is

required) .

o The volume of contaminated media has been refined on the basis

of additional site characterization data.

The information developed to define alternatives at this stage in
the RI/FS process may consist of preliminary design calculations,
process flow diagrams, sizing of key process components, preliminary
site layouts, and a discussion of limitations, assumptions, and

uncertainties concerning each alternative.

As described in Chapter 4, alternatives can be developed and
screened on a medium-gpecific or sitewide basis at the lead agency's
discretion. However, during the detailed analysis, the alternatives
must be configured to present the decisionmaker with a range of options
addressing the entire site or operable unit being addressed by the FS.
If separate alternatives have been developed for different areas or
media of the site, they should be combined to present a comprehensive
remedy that addresses all the potential threats posed by the site or
that area being addressed by the operable unit. This can be

accomplished either at the beginning of the detailed analysis or
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following .the analysis when the alternatives are summarized and a

comparative analysis is performed.

7.2.2 Overview of Evaluation Criteria

The detailed analysis provides the means by which facts are
assembled and evaluated to develop the rationale for a remedy selection.
Therefore, it is necessary to understand the requirements of the remedy
selection process to ensure that the FS analysis provides the sufficient
quantity and quality of information to simplify the transition between
the FS report and the actual selection of a remedy. The analysis pro-
cess described here has been developed on the basis of statutory
requirements of CERCLA Section 121, (see Section 7.1.1); earlier program
initiatives promulgated in the November 20, 1985, NCP; the existing
"Guidance on Remedial Investigations and Feasibility Studies Under
CERCLA," dated May 1985; and site-specific experience gained in the
Superfund program. The nine evaluation criteria listed in Section 7.1.1
encompass technical, cost, and institutional considerations; compliance
with specific statutory requirements; and state and community

acceptance.

The five criteria listed below are grouped together because they
represent the primary criteria upon which the analysis is based taking

into account technical, cost, in